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PREFACE

This manual is one of a series of manuals on techniques used by the U.S.
Geological Survey for planning and conducting water-resources investigations.
The material is arranged under major subject headings called books and is
further subdivided into sections and chapters. Book 5 is on laboratory analyses;
section A is on water. The unit of publication, the chapter, is limited to a
narrow field of subject matter. “Quality Assurance Practices for the Chemical
and Biological Analyses of Water and Fluvial Sediments” is the sixth chapter
under Section A of Book 5. The chapter number includes the letter of the
section.

This chapter was prepared with the assistance of many Geological Survey
chemists and hydrologists as a means of documenting and making available
the practices used by the Geological Survey to assure the quality of water-qual-
ity data produced by the collection and analysis of water, fluvial sediments,
and aquatic organisms. Documentation of practices associated with certain spe-
cific instruments, such as inductively-coupled plasma spectrometers, mass spec-
trometers, and alpha counters is not yet complete. It is intended that, when
completed, they and other practices will be incorporated in a supplement to
or in a new addition of this chapter. -

The editors appreciate receiving permission from the American Society for
Testing and Materials to reprint from the “Annual Book of ASTM Standards,
Part 41,” table 1 “Critical Values for T,” table 5 “Significance levels forVb,,”
and table 6 “Significance Levels for b,,” from Method E-178; permission from
the Association of Official Analytical Chemists for permission to reprint table
7 “Approximate five percent two-tail limits for ranking scores” from W. J.
Youden’s “Statistical Techniques for Collaborative Tests” in the “Statistical
Manual of the AOAC”; permission from George W. Snedecor, William G. Coc-
hran, and the Iowa State University Press for permission to reprint parts
of the table “5 percent and 1 percent points for the distribution for F” in
the sixth edition of “Statistical Methods”; permission from Eugene L. Grant,
Richard S. Leavenworth, and McGraw-Hill Book Co. to reprint table B, “Fac-
tors for estimating o’ from R or ¢,” table C, “Factors for determining from
R the 3-sigma control limits for X and R charts,” and table D, “Factor for
determining from o the 3-sigma control limits for X and o charts” from the
fourth edition of “Statistical Quality Control”; and permission from Wilfred
J. Dixon, Frank J. Massey, Jr., and McGraw-Hill Book Co. for permission
to reprint tables A-8e, “Criteria for testing for extreme mean,” and table
A-18a, “Percentiles of the distribuion of g=w/s” from the third edition of “In-
troduction to Statistical Analysis.”

The editors are also grateful to the Literary Executor of the late Sir Ronald
A. Fisher, F. R. S., to Dr. Frank Yates, F. R. 8., and to Longman Group
Ltd., London, for permission to reprint table III “Distribution of t” from their
book “Statistical Tables for Biological, Agricultural and Medical Research,”
(sixth edition, 1974).

Reference to trade names, commercial products, manufacturers, and dis-
tributors in this manual does not constitute endorsement by the Geological
Survey nor recommendation for use.
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TECHNIQUES OF WATER-RESOURCES
INVESTIGATIONS OF THE
U.S. GEOLOGICAL SURVEY

The U.S. Geological Survey publishes a series of manuals describing proce-
dures for planning and conducting specialized work in water-resources investi-
gations. The manuals published to date are listed below and may be ordered
by mail from the Eastern Distribution Branch, Text Products Section, U.S.
Geological Survey, 604 South Pickett St., Alexandria, Va. 22304 (an au-
thorized agent of the Superintendent of Documents, Government Printing Of-
fice).

Prepayment is required. Remittances should be sent by check or money order
payable to U.S. Geological Survey. Prices are not included in the listing below
as they are subject to change. Current prices can be obtained by calling
the USGS Branch of Distribution, phone (703) 756-6141. Prices include cost
of domestic surface transportation. For transmittal outside the U.S.A. (except
to-Canada and Mexico) a surcharge of 25 percent of the net bill should be
included to cover surface transportation.

When ordering any of these publications, please give the title, book number,
chapter number, and “U.S. Geological Survey Techniques of Water-Resources
Investigations.”
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QUALITY ASSURANCE PRACTICES FOR THE CHEMICAL AND
BIOLOGICAL ANALYSES OF WATER AND FLUVIAL SEDIMENTS

Linda C. Friedman and David E. Erdmann

Abstract

This chapter contains practices used by the U.S.Geologi-
cal Survey to assure the quality of analytical data for water,
fluvial sediment, and aquatic organi

These practices are directed primarily toward personnel
making water quality measurements. Some detail specific
quality control techniques, others document quality assur-
ance procedures being used by the Central Laboratories
System of the U.S. Geologlcal Survey, and still others de-
scribe various and give ples of
their use in evaluating and assuring the quality of analytical
data.

’I‘he practlces are arranged into elght sect\ons

lytical Methods Development Pr
Standard Quantitative Analysis Techniques
Instrumental Techniques
Reference Material
Laboratory Quality Control
Quahty Assurance Monitoring
y, and Eval

of Data

Matenals Evaluation
Each section is preceded by a brief description of the
material covered. Similarly within each section, each prac-
tice is preceded by a description of its application or scope.

Introduction

The Department of the Interior has a basic
responsibility for the appraisal, conservation,
and efficient utilization of the Nation’s natural
resources—including water as a resource as
well as water involved in the use and develop-
ment of other resources. As one of several In-
terior agencies, the Geological Survey’s primary
function in relation to water is to assess its
availability and utility as a national resource for
all uses. The Geological Survey’s responsibility
for water appraisal includes assessments of the
location, quantity, availability, and quality of
water.

As part of its mission, the Geological Survey
is responsible for producing a large part of the

Nation’s water-quality data. These data are
gathered through the collection and chemical,
biological, and physical analyses of water, water
plus suspended sediments, and bottom mate-
rials, and are produced not only by the laborato-
ries and field units of the Geological Survey,
but also by other organizations in cooperation
with or through contract with the Geological
Survey.

This manual is one of a series prepared to
document and make available. data collection
and analysis procedures used by the Geological
Survey. The series describes procedures for
planning and executing specialized work in
water-resources investigations. The unit of
publication, the chapter, is limited to a narrow
field of subject matter. This format permits
flexibility in revision and publication as the
need arises. For convenience the chapters on
methods for water-quality analysis are grouped
into the following categories:

Inorganic substances

Minor elements by emission spectroscopy

Organic substances

Aquatie biological and microbiological
samples

Radioactive substances

Quality assurance practices

Interpretation and utilization of analytical
data are affected strongly by the data’s reliabil-
ity. This chapter contains specific practices to
be used in assuring, documenting, and evaluat-
ing the quality of water-quality data produced
or used by the Geological Survey. As additional
quality assurance practices are completed, they
will be incorporated in a supplement to or in
a new edition of this chapter and will be avail-
able from the Superintendent of Documents,
U.8. Government Printing Office, Washington,
D.C. 20402.



2 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS

Purpose

Analytical data must be comparable no mat-
ter when and where the analyses were made
and what methodology and specialized tech-
niques were followed. In an era of rapidly
changing technology for the study of water-
quality characteristics, the difficulty of looking
at long-term characteristics of the nation’s wat-
ers is compounded by the problem of knowing
whether data produced today by laboratory A
using method X will have the same precision
and bias as data produced 10 years in the future
by laboratory B using method Y. The purpose
of this chapter is to record and disseminate
practices used by the Geological Survey to con-
trol and assure the quality of analytical data
so that the data will be of known accuracy and
can be compared.

Scope

This chapter includes techniques and proce-
dures found applicable to the quality control and
quality assurance of water and fluvial sediment
data. Practices are directed primarily towards
personnel making water quality measurements
and detail procedures which are necessary to
evaluate and assure the quality of analytical
data. Practices are grouped in eight sections:

“Analytical Methods Development,” includes
procedures for determining the precision and
bias of analytical methods and a procedure to
be used in considering whether a new method
is to be preferred over an established one.
Statistical concepts and formulas are presented.

“Standard Quantitative Analysis Tech-
niques,” includes basic techniques, necessary to
anyone in an analytical laboratory. It supple-
ments, not substitutes for, techniques described
in basic texts on quantitative analysis.

“Instrumental Techniques,” describes quality
control measures for instruments currently in
use in water-analysis laboratories. Special em-
phasis is placed on operation and calibration of
these instruments.

“Reference Material,” presents methods for
preparing ampouled concentrate and natural
water matrix reference materials. Statistical
techniques used in the Geological Survey’s

Standard Reference Water Samples program
are also described.

“Laboratory Quality Control,” describes pro-
cedures necessary for specific analytical tech-
niques and determinations. Methods for the
preparation and use of quality control charts are
also given.

“Quality Assurance Monitoring,” describes
procedures which can be used by someone “out-
side” the laboratory or by the heads of large
laboratories to assure analytical quality.

“Documentation, Summary, and Evaluation
of Data,” describes records to be kept and pre-
sents various tabular, graphical, and statistical
examples of data summarization and evaluation.
A program for laboratory evaluation is also de-
seribed.

“Materials Evaluation,” describes procedures
to assure that materials are of adequate and
uniform or known quality. Included is informa-
tion on determining how many and which items
from a large lot need to be tested.

This chapter should be used as a supplement
to the analytical methods chapters, (Book 5,
Chapters Al through A5) of this series. In
using the practices contained herein to develop
a specific data quality assurance plan for a spe-
cific water-quality program, many readers also
may find the general guidelines published by
the National Oceanic and Atmospheric Adminis-
tration (Farland, 1980) to be useful. Although
many basic quantitative techniques are in-
cluded, this chapter is not meant to be a re-
placement for standard quantitative analysis
texts.

Definitions

Accuracy. A measure of the degree of confor-
mity of the mean value obtained by using
a specific method or procedure with the true
value. The concept of accuracy includes both
bias (systematic error) and precision (ran-
dom error).

Average deviation. A number which represents
the dispersion of values around their mean,
calculated as the mean or average of the ab-
solute deviations of all values from the
mean.

Bias. A persistent positive or negative devia-
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tion of the mean value obtained by using
a specific method or procedure from the true
value. In practice, expressed as the differ-
ence between the accepted true value and
the mean value obtained by repetitive test-
ing of a homogeneous sample.

Degrees of freedom. The number of indepen-
dent values used to calculate a statistic.

Mean. The arithmetic average.

Percent relative standard deviation. The rela-
tive standard deviation multiplied by 100
percent.

Precision. The degree of agreement of repeated
measurements of a homogenous sample by
a specific procedure, expressed in terms of
dispersion of the values obtained about the
mean value.

Quality assurance. A term used to describe pro-
grams and the sets of procedures, including
(but not limited to) quality control proce-
dures, which are necessary to assure data
reliability. In this manual, the term includes
both practices employed by sources outside
of an analytical laboratory and practices
used by the head of a large laboratory to
assure the quality of laboratory data.

Quality control. A term used to describe the
routine procedures used to regulate mea-
surements and produce data of satisfactory
quality.

Relative standard deviation. The sample stan-
dard deviation expressed as a fraction of the
sample mean. Although the synomous term
“coefficient of variation” is more usually
found in statistics books, this manual follows
the recommendation of the journal, “Analyt-
ical Chemistry” that “relative standard de-
viation is preferred over ‘coefficient of varia-
tion’ ” (American Chemical Society, 1981).

Standard deviation. A number which represents
the dispersion of values around their mean

calculated as the square root of the var-
iance.

Variance. A number which represents the dis-
persion of values around the mean value,
calculated by dividing the sum of squares
of deviations from the mean by the appro-
priate degrees of freedom.
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Analytical Methods
Development Procedures

An analytical procedure should provide ade-
quate documentation of its accuracy. Develop-
ment of a new analytical method requires that
sufficient data be collected so that a decision
can be made whether to accept the method for
general use, to limit its use, or to reject it.

Proper documentation of all data is necessary.
If an accepted analytical procedure aiready
exists for determining a certain constituent, a
comparison of results between the accepted and
the proposed method must be provided

Single Operator Precision

1. Application or scope

1.1 This practice details procedures for ob-
taining a statement of single operator precision.
It describes how the analytical standard devia-
tion for each sample is computed, details
criteria for rejecting outliers, and indicates how
precision statements should be expressed de-
pending on whether the precision is linear, con-
stant, or curvilinear with respect to concentra-
tion.

1.2 All analytical procedures must include a
single operator precision statement. The raw
analytical data and the single operator precision
statement should accompany the research re-
port.

1.3 Precision statements should be de-
veloped for the analysis of the constituent in
both distilled and natural water or sediment.
Data should cover the analytical range of the
method.

2. Practice
2.1 Determination of standard deviation
2.1.1 Analyze each sample a minimum of
10 times on two or more different days.
2.1.2 Compute the standard deviation:

5= /f(ac. a:iz or 5= \/Em, —~(2a;)*/m o

where
s=standard deviation of analysis of each sam-
ple,

= each individual value,

Z=arithmetic mean (average) of all values,
and

n=number of values.

2.2 Rejection of outliers

2.2.1 Several tests are available for re-
jecting values which appear to be outliers. (Any
value which is the result of a known deviation
from the procedure should also be rejected). If
values are rejected, the test used should be
stated in the report, and the standard deviation
should be recomputed before calculating the
single operator precision.

2.2.2 The method for rejecting outliers
used most commonly in the National Water
Quality Laboratories of the U.S. Geological
Survey is based on the T value (Grubbs test)
as described in the American Society for Test-
ing and Materials (ASTM) Standard E-178-80
(1980). Compute:

= TnTE @
s

where

T'= T value for probable outlier,

2, = concentration of probable outlier,

&=arithmetic mean (average) of all values,

and

s=standard deviation of all values.

Any computed T greater than the critical val-
ues for T found in table Al in the appendix
indicates that the outlier (x,,) may be rejected.
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2.2.3 Dixon’s test is recommended in the
Statistical Manual of the Association of Official
Analytical Chemists (Youden, 1975, and
Steiner, 1975). It may be applied by ranking
the data and computing:

for x,, or for x,

Tn "1 Ta” T forn<8
=2y 2,— 2y

Tn"Fn-1 g for§=n=10
2, — o Tpo1— %1

Lp—Tp—2 T3~ T forll=n=<13
Ly~ Lo Lp—1~ %1

T2 P pr13=m=25
L,— T3 Lp-2— %1

where

x, =the smallest result, and
x, =the largest result.

Any value greater than that found in table
A2 in the appendix indicates that the x,, or x,
may be rejected.

2.2.4 1If several outliers are to be tested,
the above tests are not recommended for re-
peated rejection (ASTM method E-178, 1980).
If suspected outliers are either all high or all
low, the sample coefficient of skewness should
be used; if the suspected outliers are both high
and low, the sample coefficient of kurtosis
should be used:

n
Vo=V 2 -7 1 (n—1)"%
i=1

n
-V _21 (=8P [ S~ 27 @®
=

where
Vb, =the coefficient of skewness, and other
svmbols are as previously defined, and
n

by=n 2 (or,— %)%/ (n—1)%s*
i=1

n
=n 3, @0 I[Sa—a7 P @
i=1

where

b, =the coefficient of kurtosis, and other sym-

bols are as previously defined.

IfVb, or b, exceed the values given in tables
A3 and A4 in the appendix, then the observa-
tion farthest from the mean should be rejected
and the procedure repeated.

2.3 Determination of precision

2.3.1 Analyze samples at several concen-
tration levels to acquire data which cover the
analytical range of the method. Analyze at least
three samples which contain concentrations
which are approximately 10, 50, and 80 percent
of the analytical range.

2.3.2 If precision varies linearly with con-
centration level (determined by plotting the
means versus the standard deviation), a regres-
sion line can be determined (NOTE 1):

So=a+bx (5)
where
S,=overall single-operator precision,
throughout the range,

x = concentration of the constituent,

a=intercept of line with the y axis (NOTE
2), and

b = the slope of the line.

NOTE 1. Concentrations should be evenly spaced through-
out the range to avoid distortion. Avoid having one or two
points at one end of the range and all other points near
the other end of the range (fig. 1).

NOTE 2. A negative intercept implies that the standard
deviation is negative when the concentration is zero and,
therefore, should be viewed with some suspicion. However,
the line should not arbitrarily be discounted as being in-
valid. It should be recognized that the line is an estimate
of the standard deviation, that there is a standard error
associated with this estimate, and that concentrations near
zero may not have been available for use in developing the
line. The line is simply assumed to be the best representa-
tion of the standard deviation based on all available data.
The concentration for which the line is applicable must al-
ways be reported.

2.3.2 If linear precision is reported, the
correlation coefficient should also be reported
since it will give an idea of how “good” the line
is (NOTE 3):

r=b — 6)

v
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Figure 1 of regression line by unequal distri-
bution of values; true regression line would have
been drawn if concentrations had been equally
spaced throughout the analytical range.

where

r=the correlation coefficient,

b=the slope of the line,

s;=the standard deviation of the individual
standard deviations (obtained for the analy-
sis of each sample).

NOTE 3. A correlation coefficient near one is an indication
that there is a good fit of the points to the line. A correla-
tion coefficient near zero is an indication that either there
is a poor fit of the points or that the precision is constant
and the line is horizontal over the concentration range
tested. Table A-30a in Dixon and Massey (1969) can be used
to statistically test the hypothesis that the correlation coef-
ficient is equal to zero. If the precision does appear con-
stant, proceed to step 2.3.3 instead of determining the re-
gression line.

2.3.3 If the precision appears constant
over the range of the method, then the preci-
sion may be expressed by the following formula
(ASTM, D-2777-77, 1980):

]

Som V(nlxslz)+(n2xszz)+....(nnXS,,z)
nytnet+.... Ny,

where
S,=The single-operator standard deviation
over the method range,
s,=the standard deviation of the nth sample,

n;=the number of values for the 1st sample,
and
n,=the number of values for the nth sample.

2.3.4 When precision varies curvilinearly
with concentration, the curve should be pre-
sented. If possible, an equation should also be
computed (for example, S,=a + bx +cx?, where
S, is the single operator precision, x is the con-
centration of the constituent, a is the intercept
of the line with the y-axis, and b and ¢ are coef-
ficients for the first and second order terms,
respectively.)

2.8.5 Precision may also be expressed in
terms of percent relative standard deviation:

R.D.= —';— X 100 percent ®
where
R.D. =the relative standard deviation in per-
cent,

=the mean concentration of a sample, and
s=the standard deviation for the mean of
that sample.
2.3.6 In addition to the precision state-
ment, the range for which the precision is appli-
cable should also be reported.
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1. Application or scope
1.1 This practice presents guidelines for de-
veloping a bias statement.
1.2 All analytical procedures should include
a statement of bias. The bias statement and
supporting raw analytical data should accom-
pany the methods development research report.
1.3 Bias statements are developed by using
either a standard reference material or an ac-
cepted method. The reference type must always
be specified in the bias statement.
2. Practice
2.1 Determination of bias
2.1.1 Analyze known reference materials
(such as ones certified by the National Bureau
of Standards) and compare the determined val-
ues to the known values.
2.1.2 Alternatively, if an accepted method
(or methods) exists for the determination,
analyze 25 to 50 samples by both the proposed
and the accepted method and compare resulting
values.
2.1.3 In addition to or instead of the
above procedures (if neither of them is practi-
cal), add known amounts of a standard to dis-

tilled and natural waters. Compare the deter-
mined values to the concentrations added.
2.2 Expression of bias
2.2.1 Express bias as a percent:

. Legp— X,
Bias= exp™ Yace

x 100 percent 9
ace
where

%..p=the experimental value, and

%40 =the accepted value.

2.2.2 Bijas may be expressed in terms of
concentration rather than percent. The words
“positive” or “negative” must prefix the concen-
tration value.

2.2.3 As noted in the practice, “Accep-
tance or rejection of a new method,” a t-test
may be used to test for the significance of the
bias.
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Chemical Interferences

1. Application or scope

1.1 This practice gives general guidelines
for investigating nonspecificity of a method.

1.2 Documentation of the development of an
analytical procedure should include data relat-
ing to suspected interfering substances.

2. Practice

2.1 Addition of interfering substance to

standards and samples

2.1.1 Spike standards and samples with a
minimum of three different concentrations of
the suspected interfering substance. Initial con-
centrations of the spike should cover the range
in which the suspected substance is expected
to occur in nature (or from environmental pollu-
tion), or that may result if the sediment in a
sample is digested as in a “total” or “bottom
material” analysis.

2.1.2 Calculate the percent recovery of
the consitituent being analyzed:

Recovery= -2 x 100 percent 10

xMC
where
%qzp=the experimental value, and
2,40 =the accepted value.

2.1.3 If an interfering substance causes an
interference at a particular concentration, but
not at another concentration, repeat steps 2.1.1
and 2.1.2 using a narrower concentration range
of interfering substance. (For example, if the
high concentration is observed to cause an in-

terference, but the medium concentration does
not, use three additional spikes of concentra-
tions between the medium and high).

2.1.4 Repeat the process until the concen-
tration at which the added substance interferes
is determined.

2.1.5 If no interference is noted, state:
“_______causes no interference at concentra-

tions less than (maximum concentration
tested).”

2.1.6 If interference is noted, state:
“ at. concentration  inter-

feres.” State whether the observed interference
was positive or negative and give any other in-
formation that might be helpful to an analyst
or user of the data.

2.2 Addition of interfering substance to a
series of standards

2.2.1 Add the interfering substance to
five to ten standards covering the analytical
range of the method. Use a concentration level
that is known to cause interference.

2.2.2 Analyze the standards to determine
the pattern of interference over the range of
concentrations of the constituent being deter-
mined.

2.2.3 Prepare a concise statement as in
2.1.5 above giving the results. Indicate whether
the interference increases linearly with increas-
ing concentration, decreases with increasing
concentration, or shows some other relationship
to the concentration of the constituent being
analyzed.

11






Intralaboratory Precision
And Bias

1. Application or scope

1.1 This practice gives general guidelines
for developing intralaboratory bias and preci-
sion statements.

1.2 After preliminary methods development
work is completed (often in a research laborato-
ry), test the method on actual samples in an
operating laboratory. Data should be quickly
developed which cover the range of the method
in a variety of natural matrices.

1.3 If interlaboratory data are unavailable,
intralaboratory precision and bias statements
should be included in the published procedure.

2. Practice

2.1 Analysis by two methods to determine

bias

2.1.1 Analyze all samples for which the
determination in question has been requested
by both the accepted procedure and the new
procedure until sufficient analyses are obtained
to cover the applicable concentration range.
Perform the paired analysis of all samples re-
ceived by the laboratory during a minimum
period of 1 week. Continue analyses until a min-
imum of 30 samples are analyzed (NOTE 1).
If at the end of a month the range of the
method has not been sufficiently covered, dilute
or add spikes to samples to obtain concentra-
tions distributed throughout the analytical
range.

NOTE 1. Requi for anal of all ! ived
during a minimum of 1 week and for analyses of at least
30 samples have been placed in the attempt to obtain data
from a variety of matrices. However, if all samples are
known to come from one site or one area of the country,
these mini should be ded

2.1.2 If possible, analyze samples by both
methods at the same time (in parallel).

2.1.3 If parallel determinations of the con-
stituent by the two methods are not possible,
randomize both the order in which the samples
are analyzed and the method by which they are
first analyzed. Consult a random numbers table

(available in most statistics books) to achieve
randomization.

2.1.4 Calculate the bias of the new
method with respect to the accepted method
(see practices “Bias” and “Acceptance or rejec-
tion of a new method”).

2.2 Analysis of spikes to determine bias

2.2.1 If an accepted method does not
exist, use the new method to analyze all sam-
ples for which the determination in question has
been requested and for which sufficient water
has been provided so that a second portion of
the sample may be spiked and analyzed.
Analyze a minimum of 30 samples.

2.2.2 Spike all samples (for which enough
water has been provided) with a known concen-
tration of standard. Add a sufficient amount of
standard to samples which have original values
in the low portion of the analytical range to ap-
proximately double the concentration. Do not
spike samples to concentration levels which are
outside of the analytical range. If the sample
requires dilution in order to be analyzed, spike
the samples so that the resulting concentration
requires the same dilution.

2.2.3 Subtract the original concentration
of the sample from the concentration deter-
mined after spiking and determine the bias or
percent recovery (see practices “Bias” and “Ac-
ceptance or rejection of a new method”).

2.3 Analysis of samples to determine preci-
sion -

2.3.1 Analyze each sample which has suf-
ficient volume and for which the determination
in question has been requested, on a minimum
of four different days. Randomize the order in
which the samples are analyzed (using a random
numbers table).

2.3.2 If possible, three analysts should
analyze the samples, each performing the analy-
sis in duplicate.

2.3.3 Continue analysis until either the
range of the method or the naturally occurring
range of the constituent has been covered.

2.3.4 Calculate the precision (see practice
“Single operator precision”).
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Interlaboratory Precision

1. Application or scope

1.1 This practice provides a guideline for de-
veloping an interlaboratory precision state-
ment. Such a statement should be developed for
each method and included in the published pro-
cedure.

1.2 Statistics from interlaboratory tests will
aid the user of analytical data in comparing
analyses from two or more laboratories. If it
is not practical to develop the interlaboratory
precision statement prior to publication of the
method (for example, not enough laboratories
are willing or able to participate) a statement
of intralaboratory or single operator precision
should be used and the method updated once
interlaboratory data are available.

1.3 Interlaboratory test data normally in-
clude both random and systematic errors of
each laboratory. These systematic errors are
not “inherent” to the method, but rather are
ones introduced, inadvertently, by participating
laboratories. Thus, a slight difference in a rea-
gent or an oven temperature (both systematic
errors) will become incorporated in the mea-
surement of interlaboratory precision. As
Youden points out, “Differences in systematic
errors are the major source of disagreement
among laboratories.” (Youden, 1960).

2. Practice
2.1 Reference samples
2.1.1 Prepare and distribute reference
samples containing either concentrated or work-
ing level concentrations of constituent(s) in
question. Use a natural or distilled water mat-
rix or both (NOTE 1).

NOTE 1. Ideally, precision statements should be developed
using both natural and distilled water matrices.

2.1.2 Reference samples should cover the
concentration range of the method. A minimum
of three samples representing approximately
10, 50, and 80 percent of the analytical range
should be distributed.

2.1.3 See the section “Reference Mate-

rial,” for further information on reference mate-
rial preparation.
2.2 Experimental design
2.2.1 Calculate the required number of re-
plicate analyses to be made on each sample by
each analyst, using the formula (ASTM, D-
2777-71, 1980):

rep >1+ —?;,1 11

where

rep =number of replicates required, and

p=product of variables (operators, laborato-
ries, concentration levels, and so forth).

For example, if two operators in each of six
laboratories are to analyze samples at four con-
centration levels, the number of replicates re-
quired is calculated:

30

Tep > 1+ ——(2)(6)(4) ' or

rep > 1+ 0.25.

In this case, two replicates are required.

2.2.2 Although overall interlaboratory
precision can be determined without replicates,
there is no way to the separate the components
of laboratory systematic error from random
error without replicates.

2.2.3 A minimum of six operators and
three laboratories is required (ASTM, D-2777-
77, 1980); more laboratories are desirable.

2.2.4 The number of analysts should be
spread evenly among participating, laborato-
ries, if possible. For example, 1 analyst in each
of 10 laboratories or 2 analysts in each of 5 labo-
ratories is preferable to 1 analyst in 6 laborato-
ries plus 2 analysts in 2 laboratories.

2.2.5 A copy of the analytical method to
be used should be provided to each laboratory.
Each laboratory should be instructed to follow
the written method exactly (a similar method
they are using must not be substituted) and
should be requested to submit results from each

15
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of the required replicates (results should not be
averaged prior to submission). Each laboratory
should be given the opportunity to “practice”
the method on a sample containing a “known”
concentration of the constituent being deter-
mined before analyzing the “unknown” refer-
ence samples.
2.3 Data Analysis

2.3.1 Reject a laboratory’s data if it is so
high or so low that a large systematic error,
specific to the laboratory, is evident. As recom-
mended by Youden (1975), in order to decide
whether a laboratory’s data should be rejected,
first rank the data. Reject any laboratory deter-
mined to have less than a 5 percent chance of
being within the limits specified in table A5 in
the appendix.

For example, consider the data presented in

table 1.

a. Rank the data for each sample, giving
a “1” to the largest amount, a “2” to the second
largest amount, and so forth, (table 2). Assign
equal ranks to equal values.

Table 1.—Example: Data from five laboratories for analysis of

four samples
Samples
Laboratory
2 3 4
1 L5 3.1 8.1 15.0
2 1.6 3.0 8.3 14.8
3 L4 3.2 8.1 15.0
4 1.4 3.3 8.2 14.9
5 1.8 3.5 8.7 15.7

Table 2.—Example: Ranking of data prior to rejection of
“gutlying” laboratories

Rank

Laboratory Sum
1 2 3 4
1 3 4 55 2.5 14
2 2 5 2 5 14
3 w5 3 w5 2.5 16.5
4 w5 2 3 4 135
5 i 1 1 1 4

b. Sum the ranks for each laboratory
(table 2).

c. Consult table A5. For five laboratories
and four materials, the upper and lower limits
are 19 and 5, respectively. The sum of “4” for
laboratory number 5 is below the lower limit.
All data from laboratory number 5 should be
rejected.

2.3.2 From the remaining raw data, re-
ject individual outliers and calculate the stan-
dard deviation for each sample as specified in
the practice, “Single operator precision”:

A [E@—a®
s= kil
n—1
A /[ Sx-Ca)im 12
or 8= —_—
n—1
where

s=interlaboratory standard deviation for
each sample,

x,=value reported by each laboratory, and

n=number of laboratories.

2.3.3 If precision varies linearly with con-
centration level (determined by plotting the
means versus the standard deviation), deter-
mine the regression line:

Sr=a+bx (13)

where

Sr=interlaboratory precision,

= concentration of the constituent,

a=intercept of line with the y axis, and

b=the slope of the line.

2.3.4 If precision appears constant over

the range of the method, calculate the overall
precision (ASTM, D-2777-77, 1980):

B (X8, )+ (1pX85)+ ... (1 X5,%)
Sr= v Nyt ngt..my, a9

where
Sr=interlaboratory precision,
s; =the standard deviation of the 1st sample,
s,=the standard deviation of the nth sample,

C
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n=the number of values for the 1st sample,
and
n,=the number of values for the nth sample.

2.3.5 If precision varies curvilinearly with
the concentration level, present the plot. If pos-
sible, also include an equation for the curve.

2.3.6 The precision values may also be ex-
pressed in terms of percent relative standard
deviation.

RD.= -% % 100 percent, 5)
where
R.D. =the relative standard deviation in per-
cent,
Z=the mean concentration of a sample, and
s=the standard deviation of the mean of the
sample.

2.3.7 Report, in addition to the precision
statement, the number of analysts and (or) labo-
ratories participating in the interlaboratory
“round robin” and the range for which the preci-
sion statement is applicable.

2.3.8 Report whether the analyses were
made using a natural or distilled water matrix.
Report two statements if both natural and dis-

tilled water matrices were used and the preci-
sion is different.
2.4 Single operator precision

2.4.1 Single operator precision can be de-
veloped by using analysis of variance techniques
on duplicate interlaboratory analyses and
separating the within-lab variance (single
operator precision) and between-lab variance
(Steiner, 1975).

2.4.2 Alternatively, operator precision
and laboratory biases may be separated by
using a series of paired concentration samples
(Youden, 1975).
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Acceptance Or Rejection of

A New Method
1. Application or scope where . )
1.1 This practice describes tests to use and Sqcc=standard deviation obtained using the
factors to consider in deciding whether to ac- accepted method,

cept, reject, or limit the use of a new method.
1.2 The decision must be based on all avail-
able data. In particular, both the precision and
bias statements must be considered and com-
pared to those of the accepted method.
2. Practice
2.1 Test for significant bias of a method

2.1.1 A t-test may be used to compare the
determined mean concentration with the
“known” concentration of a reference material
(Youden, 1975, p. 36). (See practice “Methods
used for data evaluation: t-test,” in section
“Documentation, summary, and evaluation of
data.”)

2.1.2 Alternatively, a t-test may be used
to compare the mean concentration obtained
using a new method with the concentration ob-
tained from repeated analysis of the same sam-
ple by an approved method.

2.2 Test for significantly smaller variance

2.2.1 An F-test may be used to test
whether a newly developed method shows bet-
ter precision (has a smaller variance) than an
accepted method (Youden, 1975, p. 38).

2.2.2 Calculate:

Spew=standard deviation obtained using the
new method, and
F=calculated F statistic (NOTE 1).

NOTE 1. The F value will be associated with (na-1, na-1)
degrees of freedom where n4 =the number of determina-
tions by the accepted method and ny = the number of deter-
minations by the new method.

2.2.3 Compare the computed F value with
the F value from table A6 in the appendix
(using the appropriate degrees of freedom.) If
the calculated value is greater than that in the
table, then the variance of the accepted method
is greater than that of the new method.

2.3 Better precision, less bias

2.3:1 If the new method shows better pre-
cision and less bias than the accepted method,
select the new method as the preferred method
(assuming that interference problems are no
greater than found in the accepted method).

2.4 Better precision and greater bias or
worse precision and less bias

2.4.1 As Youden (1961) indicates, when a
new method shows better precision, but also
greater bias than the accepted method, or vice
versa, the decision of whether to accept the new

e method may not be immediately obvious.
F= 2 16) 2.4.2 For example, table 3 lists results for
8 e two methods which were used to repeatedly
Table 3. i I results of two
[Accopted “true” sample concentration=30 mg/l]
Analytical results (mg/L) .
Method Mean Standard deviation Bias

1 2 3 4 5 6 7 (mg/L) {mg/L) (mg/L)

New method 40 35 45 42 33 50 30 40.0 £6.56 +10.0

Accepted method 30 20 40 52 8 50 10 30.0 +18.11 0.0
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analyze a sample containing 30 mg/L of a cer-
tain constituent. As the standard deviation and
bias figures for each method indicate, the new
method has better precision than the accepted
method, but shows a positive bias.

As can be readily seen from figure 2, a
single value obtained by the new method can
be expected to be closer to the accepted “true”
value than can a single value obtained by the
accepted method because 95 percent of the val-
ues can be expected to fall within approximately
+ 2 (2.447 for 7 values) standard deviations of
the mean: 95 percent of the values are within
16.1 mg/L of the true value for the new method,
while 95 percent of the values are within 44.3
mg/L of the true value for accepted method.
Thus, in this case the new method appears pref-
erable to the accepted method (NOTE 2).

NOTE 2. If the bias of the new method were +50 mg/L
instead of only 10 mg/L, a single value from the new method
would be less likely than a single value from the accepted
method to be near the true value, and the accepted method
would be preferable to the new method.

2.5 Same precision, same bias
2.5.1 In deciding whether to accept or re-
ject a new method, consider whether the new
method would increase productivity and (or)
lower the cost of analyses, limit interfering
substances, or eliminate a toxic reagent in the
method.
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Standard Quantitative
Analysis Techniques

The production of quantitative analyses re-
quires the use of standard quantitative analysis
techniques. Some of the more common tech-

niques are included in this section. Familiarity
with them is mandatory for anyone working in
an analytical laboratory.

Cleaning Glassware

1. Application or scope

1.1 This practice details some basic proce-
dures to be followed in cleaning laboratory
glassware.

1.2 The type and amount of cleaning which
is necessary depends on the analysis to be done
and on the contaminant present in the vessel
to be cleaned.

2. Practice
2.1 Washing

2.1.1 Remove wax or grease pencil mark-
ings by hand (usually with the aid of acetone).

2.1.2 Wash glassware either by hand or
in a specially designed automatic washer which
has a distilled rinse capability (laboratory
washer). Glassware will be suitable for use in
making analysis of most inorganic constituents
which have concentrations reported in the mil-
ligram per liter range (such as calcium or sul-
fate).

2.1.3 Use phosphate-free detergent for
glassware used for phosphorus determinations.

2.1.4 1If washing by hand, chromic acid
cleaning solution may be used (NOTE 1 and 2).
Follow the wash by rinsing with tap water and
at least four distilled water rinses.

NOTE 1. The cleaning solution may be prepared by adding
1 liter concentrated HpSO4 to 85 mL saturated sodium di-
chromate solution.

NOTE 2. Because of safety hazards associated with chromic
acid cleaning solutions, its use is discouraged unless abso-
lutely y. Substi S are now ilable which can
be used; for example, Lab Safety Supply Co. (1980) adver-
tises “Nochromix” as a substitute solution.

2.1.5 Do not use strong caustic solution
on volumetric glassware.

2.1.6 Do not soak spectrometer absorp-
tion cells in caustic or in strong cleaning solu-
tion and never use abrasive material on them.

2.1.7 For glassware to be used in the de-
termination of organic constituents, rinse, after
washing, with an organic solvent such as
acetone, or follow the wash by baking at 350°C
for at least 8 hours.

2.1.8 Wash glassware used for trace-
metal analysis with 1:1 nitric acid-water solu-
tion. Follow the wash by at least four deionized-
water rinses.

2.1.9 Acetone or a warm sodium hydrox-
ide solution followed by an acid rinse may be
used to eliminate grease.

2.1.10 Glassware to be used in bac-
teriological analysis should be rinsed at least
three times with distilled water which has not
come in contact with copper tubing or other
toxic material (glass or stainless steel plumbing
is acceptable).

2.1.11 Clean glassware until the surface
drains uniformly, in a thin film. Droplets, in-
stead of a thin film, indicate glassware is not
completely clean and must be rewashed.

2.2 Drying

2.2.1 If air drying or oven drying, be sure
glassware does not become contaminated from
the air.

2.2.2 If drying on a rack, be careful the
glassware does not become contaminated from
the rack (as from metal or a paint chip).

2.2.3 Sterilize glassware to be used in
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bacteriological analysis for 1 hour at 170°C.
Heat glassware in metal containers for 2 hours
at 170°C (American Public Health Association
and others, 1976).

Selected References

American Public Health Association and others, 1976, Stan-
dard methods for the examination of water and waste-
water (14th ed.): Washington, D.C., American Public
Health Association, p. 885.

Bordner, Robert, Winter, John, and Scarpino, Pasquale,
1978, Microbiological methods for monitoring the envi-
ronment, water and wastes: U.S. Environmental Pro-
tection Agency EPA-600/8-78-017, Cincinnati, p. 36.

Lab Safety Supply Co., 1980, Safe handling of toxic and
hazardous chemicals: 1981 Catalog, Janesville, Wis.,
Lab Safety Supply Co., p. 93.

U.S. Environmental Protection Agency, 1979, Handbook
for analytical quality control in water and wastewater
laboratories: U.S. Environmental Protection Agency
EPA-600/4-79~019, Cincinnati, p. 4-5—4-9.



Correction for Color
Interference

1. Application or scope

1.1 This practice describes corrective ac-
tions to be taken when color interferes with an
analysis. The natural color in many water sam-
ples shows an appreciable absorbance at the
wavelengths used in a number of colorimetric
determinations; if the absorbance changes the
apparent concentration of the constituent being
determined, it must be compensated for or elim-
inated.

1.2 Also see practice
technique.”
2. Practice

2.1 Highly sensitive analytical method

2.1.1 If the absorbance due to the con-

stituent sought exceeds the absorbance due to
natural color by a factor of at least 50, no com-
pensation for natural color is required for most
analyses (NOTE 1).

“Standard-addition

NOTE 1. If the factor is 50, the error introduced is 2 per-
cent.

2.1.2 If the sensitivity of the method is
sufficient (Skougstad and others, 1979) so that
the color interference can be eliminated by di-
luting the sample and an accurate concentration
value still can be obtained, dilute the sample
and proceed with the analysis (NOTE 2).

NOTE 2. The sensitivity of the method for the constituent
being determined must be known and must be high relative
to the interference.

2.2 Preparation of a color “blank”

2.2.1 1If the sensitivity of the method rela-
tive to the interference is not known or if there
is any doubt as to the effect of color on the
absorbance of the element sought, use two
equal volumes of the sample.

2.2.2 To one volume of sample, add all
reagents. To the other volume of sample, add

all reagents except the indicator reagent; in-
stead add a volume of indicator solvent which
is equal to the volume of indicator reagent nor-
mally added.

2.2.3 Measure the absorbance of both
samples.

2.2.4 Calculate the difference between the
absorbances to obtain a corrected absorbance.
Use this corrected absorbance in determining
the concentration of the constituent (NOTE 3).

NOTE 3. This procedure will work for most waters. How-
ever, if the indicator reagent reacts with or affects the natu-
ral color or turbidity in the water sample, this method
should not be used. Filtration of excessively turbid samples
may be required prior to analysis.

2.3 Bleaching or adsorption

2.3.1 If the above procedure proves in-
adequate, try a bleaching procedure (such as
hydrogen peroxide) or adsorption procedure
(such as activated carbon) provided these proce-
dures do not change the chemical equilibrium
or contaminate the sample.

2.3.2 Be extremely careful, since it is rel-
atively easy to contaminate the sample by
either adding or removing constituents from the
water sample (NOTE 4).

NOTE 4. Because of the problems associated with the re-
moval of color, it is usually preferable to use an alternative,
noncolorimetric procedure to make the analysis.

2.3.3 Consult an applicable reference be-
fore trying either bleaching or adsorption.
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Gravimetry

1. Application or scope

1.1 This describes some of the basic prinei-
ples and techniques to be followed in making
gravimetric analyses.

1.2 Operating procedures for analytical bal-
ances, discussed in the practice “Analytical bal-
ances,” in the section “Instrumental Tech-
niques,” must be followed.

2. Practice
2.1 Requirements
2.1.1 Use desiccators of sufficient size and
limit the number of samples placed in them so
that samples will have achieved room tempera-
ture at the end of the specified drying period.
2.1.2 Use a desiccant which conforms to
that specified in the applicable procedure. Re-
place or regenerate before its drying power has
diminished (NOTE 1).

NOTE 1. Many desiceants contain a moisture absorption
indicator to indicate need for regeneration or replacement.

2.1.3 Maintain temperature of drying
ovens within the specified limits of the required
drying temperature.

2.1.4 An analytical balance is an essential
part of every gravimetric procedure. The type
commonly used for this purpose is a single-pan,
direct-reading balance which is capable of deter-
mining the mass of an object to 0.1 mg. Be cer-
tain that it receives regular maintenance and
is properly calibrated with Class S weights.

2.2 Measurement procedures

2.2.1 Prepare sample solutions as directed
in the method used. If a determination involves
precipitation, it is of importance that conditions
be carefully controlled as directed in the analyt-
ical procedure in order to optimize the purity
and percent recovery of the precipitate.

2.2.2 The validity of a gravimetric proce-
dure does not depend on standard solutions;
however, carefully prepare reagents, if any, as
specified in the analytical procedure.

2.2.3 In any direct gravimetric analysis,
separate the constituent being determined from

the other constituents of the sample, either in
the form of the constituent itself or as a com-
pound of known, definite composition. In the
latter case, calculate the weight of the con-
stituent from its theoretical percent of the com-
pound.

2.2.4 In any indirect gravimetric analysis,
determine the weight of the residue remaining
after the volatilization of the constituent. Deter-
mine the amount of the constituent sought from
the loss in weight.

2.2.5 Follow the appropriate concentra-
tion range specified in the analytical method.
If the concentration of a constituent falls out-
side of this range, use a smaller sample volume,
dilute the sample, or use an alternate approved
method. If the working range of the method
is exceeded, the procedure must be repeated
because the amount of residue will be so great
that it is very likely that water will be en-
trapped and not completely driven off during
the drying period.

2.2.6 Regulate the temperature of the
drying oven, the drying time, and the cooling
time in the desiccator.

2.2.7 Never weigh chemicals directly on
the balance pan. Use a weighing paper or other
container.

2.3 Calculations

2.3.1 The -calculations for gravimetric
analyses are relatively simple. For determina-
tions of dissolved and suspended solids, convert
the weight of the residue per volume of sample
evaporated to weight of residue per liter.

2.3.2 For procedures involving compound
formation and precipitation, a factor must be
applied to convert the weight of the precipitate
to the weight of the constituent sought.

2.3.3 Consult the appropriate method for
specific directions.

Selected References
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Reagents and Gases

1. Application or scope

1.1 This practice lists the grades of chemi-
cals and gases used in analytical work, gives
general guidelines for their use, and describes
quantitative practices which must be followed
in preparation of all standard solutions.
2. Practice

2.1 Purity

2.1.1 As noted in Skougstad and others
(1979), “Unless indicated to the contrary, all
chemicals specified for use in the analytical pro-
cedures shall conform to the specifications of
the Committee on Analytical Reagents of the
American Chemical Society. Those chemicals
not listed by this organization may be tested
as indicated by Rosin (1955). Chemicals used
for primary standards may be obtained from the
U.S. National Bureau of Standards or from
manufacturers marketing chemieals of compara-
ble purity.”

2.1.2 The grade of purity of chemicals and
solvents and of gases are listed in table 4 and
table 5, respectively. Table 6 is a general
guideline which may be followed in determining
the purity needed (NOTE 1).

NOTE 1. The specific purity needed will depend on the
instrument, analytical method, and so forth. Use only chem-
icals that are within the allowable date of use.

2.2 Dilution water

2.2.1 Demineralized water is the most
commonly used reagent in the laboratory. For
inorganic analysis, prepare demineralized water
either by distillation, by use of mixed cation-
anion exchange resins, or by reverse osmosis.
A combination of the above procedures may be
necessary, especially if the distillation is carried
out in a metal still, to produce water of ade-
quate purity. The specific conductance of the
demineralized water should not exceed 1.5
wmho/em at 25°C.

2.2.2 Prepare carbon dioxide-free water
by boiling and cooling demineralized water im-
mediately before use. Its pH should be between
6.2 and 7.2.

2.2.3 Prepare ammonia-free water by
passing distilled water through a mixed-bed ion-
exchange resin or through a cation-bed in the
hydrogen ion form.

2.2.4 Use water from an all-glass or glass-
lined still for organic determinations. It may be
necessary to redistill from alkaline permanga-
nate solution in order to obtain a water with
low organie residual.

2.2.5 Use water which is free from traces
of dissolved metals, nutrients, residual chlorine
and other bactericidal compounds for bac-
teriological analyses.

2.3 Measurement accuracy

2.3.1. Weigh materials to the precision re-
quired by the method. As noted in Book 5,
Chapter A1 of Techniques for Water-Resources
Investigations of the U.S. Geological Survey
(Skougstad and others, 1979), “a mass desig-
nated as 4.532 g must be weighed accurately
to +0.0005 g, whereas a mass designated as
4.5 g must be weighed accurately to +0.05 g.”

2.3.2 Use borosilicate glass for volumetric
glassware.

2.3.3 Select volumetric glassware which
will give the accuracy required by the method.
Again as noted in Skougstad and others (1979),
“‘add 2.00 mL of reagent’ shows that a vol-
umetric pipet must be used for the addition,
but ‘add 2 mL’ or ‘add 1.5 mL’ shows that a
serological pipet may be used; ‘dilute to 1,000
mL’ shows that a volumetric flask is essential,
but ‘dilute to 1 liter’ permits the use of a
graduated cylinder.”

2.3.4 Volumetric glassware is calibrated
either to deliver (marked TD) or to contain
(marked TC). Know which is being used. Al-
most all volumetric pipets are calibrated to de-
liver. Allow a pipet marked TD to drain freely
for the time stated on its side (for example, 25
s). Then hold the tip against the inner wall of
the vessel into which it is draining, being care-
ful not to touch the liquid already in the con-
tainer. Some liquid always should remain in the
tip of the pipet.
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Table 4.—Grades of chemicals and solvents

Grade Abbreviation Description
Ultra pure Ultrex, NanoFrade, Ultrahigh-purity materials.
and so forth.I/ Certificate showing actual
concentration of impurities
furnished.

Primary standard PS Exceptional purity for
standardization and preparing
standards.

Spectroquality - Specially purified to provide
insignificant background
in absorption and emission
spectroscopy.

Analytical reagent AR High purity for laboratory use.
Lot analysis usually on label
of container.

American Chemical ACS Meets specifications published

Society by the American Chemical
Society.

Chemically pure CP Suitable for most routine
use. Lot analysis not specified
on label.

National Formulary NF Meets specifications of the
National Formulary.

United States UspP Meets specifications of the

Pharamacopeia United States Pharmacopeia.

Food Chemicals Codex FCC Meets specification of Food
Chemicals Codex.

Purified PURI Higher quality than technical
but no official standards. Used
principally for bulk applications.

Practical PRACT Sufficiently high quality for
most organic synthesis.

Technical TECH Suitable for most general

industrial uses.

l/‘l‘hese and other trademarks are used by chemical companies to

designate their highest purity solvents.

2.3.5 Note also that, as indicated in
Skougstad and others (1979), “although the
glassware is calibrated to deliver a specific vol-
ume at 20°C, the error in measurement incurred
by pipetting samples at room temperature is in-
significant for water analysis. One gram of pure
water is contained in 1.002 mL at 20°C and in

1.007 mL at 38°C; the maximum error in volume
that will result from those temperature differ-
ences is only 0.5 percent. Brine samples should
be brought to as near 20°C as possible before
making dilutions for analysis.”

2.3.6 For highly precise work or when
volumetric glassware has been frequently used

C



QUALITY ASSURANCE PRACTICES FOR ANALYSES OF WATER AND FLUVIAL SEDIMENTS

29

Tabile 3.—Typical grades of gases

Grade

Description

Application

Research

99.995-99.999 percent pure; highest level

Research and development.

of purity obtainable; certificate of

impurities available.

Ultrahigh purity
impurities available.

High purity 99.99-99.999 percent pure; certificate of
impurities available.
Zero Low total hydrocarbon content; certificate
of impurities available.
Commercial, 93-99 percent pure; no certification.
industrial, or
technical

99.99-99.999 percent pure; certificate of

Gas chromatographic and spectro-
photometric.

Gas chromatographic and spectro-
photometric.

Reference gases for hydrocarbon
analyses.

Welding, atomic absorption, normal
commercial and laboratory uses.

Table 6.—General useage guide for chemicais, solvents, and gases

Chemical process Grade of purity

Inorganic standards PS, AR, ACS

Organic standards Ultra Pure, PS
Gas chromatography, carrier gas Carrier, Zero

Atornic absorption, fuel gases Zero, Commercial

Extractions and separations AR,ACS
Definitive reactions AR, ACS
Additive chemicals AR, ACS, CP
Biological nutrients and media USP, NF
Cleaning solutions PURI, TECH
Organic synthesis PURI, PRACT

to measure strong alkaline solutions, the
glassware should be calibrated. Directions for
calibration are found in standard quantitative
texts and in the U.S. National Bureau of Stan-
dards Circular 602 (1959).
2.4 Storage

2.4.1 Store reagents and stock standard
solutions according to the manufacturer’s direc-
tions. If sensitive to light, keep in a dark bottle.
If sensitive to heat, store in a refrigerator. In-
clude the expected shelf-life of the reagent on
the label.

2.4.2 Store most neutral and acid solu-
tions in borosilicate glass containers (NOTE 1).

Plastic containers may be substituted only if
they will not absorb or contaminate the con-
stituent of interest.

NOTE 1. Volumetric glassware should not be used to store
solutions.

2.4.3 Use polyethylene or Teflon contain-
ers to store alkaline solutions and solutions con-
taining boron or silica.

2.4.4 Store all reagent solutions used for
organic analyses in glass containers.

2.4.5 Discard chemicals and solutions if
there is any possibility of contamination or de-
terioration or if the date for safe use has ex-
pired. Unless the analytical procedure states
specifically that a change in color of a reagent
does not affect its usefulness, discard im-
mediately if any change in color or concentra-
tion is noticed. If a time limit is specified in
an analytical method for a reagent or standard,
do not exceed it.
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Standard-Addition Technique

1. Application or scope

1.1 This practice can be used to compensate
for known or suspected matrix effects or analyt-
ical interferences. However, this method can be
used only if the measured absorbance is linear
with respect to concentration and if the observ-
able interference is independent of the concen-
tration of constituent being analyzed (NOTE 1).

NOTE 1. In general, the slope of the plotted line should
be similar to the slope of the corresponding aqueous stan-
dard curve.

1.2 Since both samples and standards are af-
fected equally, it is not necessary to prepare
matrix water comparable to the unknown sam-
ple in order to correct the analyses.

2. Practice
2.1 Preliminary analysis and preparation
2.1.1 Make a preliminary analysis for the
constituent in question.
2.1.2 Prepare a blank and three standards
containing different amounts of the constituent
to be analyzed (NOTE 2).

NOTE 2. Volume of blank and standards must be the same.

2.1.3 Select volumes of sample and high-
est standard such that, when mixed together,
the resulting concentration will not exceed the
analytical range specified in the method.

2.1.4 Add equal volumes of sample to the
blank and three standards.

2.2 Determination of concentration

2.2.1 Measure the absorbance of the con-
stituent being analyzed in the spiked (with sam-
ple) blank and standards.

2.2.2 Plot the absorbances on the vertical
axis and the known concentrations of the con-
stituent prior to the addition of the sample on
the horizontal axis. Continue the horizontal axis
to the left of the vertical axis, scaling it back-

wards from the zero (blank) concentration (see
fig. 3).
2.2.3 Draw a line through the plotted
points and extrapolate back to zero absorbance.
2.2.4 Record the concentration at the in-
tercept as the concentration of the constituent
in the sample. Retain all records.
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Figure 3.
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Titrimetry

1. Application or scope

1.1 This practice describes some of the basic
principles and standard techniques necessary
for reliable titrimetric analyses.

1.2 The basic equipment employed in tit-
rimetric procedures consists of pipets, burets,
and other glassware. The appropriate glassware
specifications and cleaning procedures must be
rigorously observed.

1.3 If pH meters or spectrophotometers,
are used to detect the titrimetric end point,
operating procedures discussed in the section
on instrumental quality control should be fol-
lowed. If automated instruments are used, the
manufacturer’s manual should be consulted for
operating instructions. An instrument of this
type may be used only if its accuracy is equal
to or superior to that obtained by manual proce-
dures.

2. Practice

2.1 Requirements

2.1.1 To be suitable as a basis for a tit-
rimetric determination, the chemical reaction
involved must proceed rapidly to completion
with no side reactions. In addition, other sub-
stances present in the sample should not react
or interfere with the desired reaction, and the
end point should be readily detectable by visual
or instrumental means.

2.1.2 The end point does not as a rule
coincide exactly with the equivalence point. The
difference between the amount of titrant corres-
ponding to the end point and that corresponding
to the equivalence point represents the titration
error. This difference should be as small as pos-
sible for a given procedure, and care should be
taken to titrate every sample to the same end
point.

2.1.3 Ideally, the standard solution used
in titrimetry should be simple to prepare and
be stable for a comparatively long time to avoid
the need for frequent restandardization. Quite
commonly, the standard is prepared at a con-
centration very close to that desired and then
standardized by titrating an accurately mea-

sured amount of a primary standard. The pri-
mary standard must be of high purity, stable,
and easily dried and weighed. Primary stan-
dards are available on specification from most
chemical supply houses and often from the Na-
tional Bureau of Standards.

2.2 Standardization

2.2.1 Standardize titrant solutions accord-
ing to the procedures listed in the analytical
methods in order to determine their exact nor-
malities. Store and preserve properly. Restan-
dardize as specified in the procedure or
whenever there is reason to believe that the
concentration has changed.

2.2.2 Include a primary standard solution
with each set of samples or at weekly intervals,
whichever is less frequent, to ensure that the
titrant has not changed or become contami-
nated. Keep a written record of the original
standardization value and also of the values ob-
tained for subsequent restandardizations.

2.3 Measurement procedure

2.3.1 Observe the appropriate concentra-
tion range specified in the method. If the con-
centration of a constituent falls outside this
range, adjust the concentration by dilution or
use an alternative method.

2.3.2 For visual and spectrophotometric
titrations, titrate a solution consisting of de-
mineralized water plus all necessary reagents
to the end point to determine the blank correc-
tion.

2.4 Calculations

2.4.1 Subtract the volume of standard sol-
ution required for the titration of the blank
from all sample titration volumes to determine
the actual volume of standard solution involved
in the reaction.

2.4.2 After the normality of a standard
solution has been determined, each unit volume
can be equated to a known amount of sample
constituent. Determine the concentration of the
constituent by considering this factor in addi-
tion to the volume of sample, the volume of tit-
rant required, and the blank titration volume.
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Consult each method for more specific calcula-
tion directions.
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Instrumental Techniques

The proper use of analytical instruments is
important in the production of reliable analyti-
cal values. The following practices confront this
problem with special emphasis on the operation
and calibration of instruments normally encoun-

tered in a water-analysis laboratory. Laborato-
ries that analyze samples for the U.S. Geologi-
cal Survey are expected to follow the detailed
recommended procedures for the operation and
calibration of instruments.

Instrument Maintenance

1. Application or scope

1.1 This practice is applicable to field equip-
ment as well as to laboratory instruments.

1.2 In order to obtain valid responses, in-
struments must be checked on a regular basis.
Where instrument maintenance schemes have
not been established, 25 percent or more of the
measuring equipment is often found to give er-
roneous answers (Juran and Gryna, 1976).

2. Practice

2.1 Identification number

2.1.1 Assign a number to each instru-
ment. Although numbers used for inventory
control (U.S. Geological Survey “W” numbers)
may be used, a separate series for each type
of instrument may be easier to use (for exam-
ple, pH meter 001, 002, and so forth).

2.1.2 Number each instrument with a per-
manent marking.

2.2 Record card

2.2.1 Prepare a record card for each in-
strument. Record the type of instument, the
model number, and its assigned number at the
top of the card.

2.2.2 Indicate on the card the calibration
limits of the instrument, the frequency with
which the instrument should be checked, and
the tests which should be made.

2.2.3 Indicate to whom the instrument is
assigned and the date. Change this information
whenever necessary (but keep a record).

2.2.4 Keep a record of the dates on which
the instrument was checked. Include the name
of the person who checked it, whether any
changes were necessary, and so forth.

2.3 Frequency of maintenance check
2.3.1 Consider the amount of usage usual
for a type of instrument (for example, atomic
absorption spectrometers) and estimate the rate
of instrument deteriortion.

2.3.2 Establish the necessary checking
frequency for each type of instrument. This fre-
quency may be based on units of time (for ex-
ample, check every week) or may be based on
use (for example, check every 200 samples).

2.3.3 Establish a maintenance schedule
for each instrument and provide a way to keep
track of it. For example, mark on a calendar
(a couple of months in advance) the identifica-
tion number of each instrument to be checked.
Alternatively, mark the date of the next check
on the instrument record card and maintain
cards in a file, in order, by date. This frequency
record file can be kept by a section leader for
instruments in his section, or by an assigned
person in a laboratory, distriet, or field office.

2.4 Record of findings

2.4.1 Record on the card the types of er-
rors found and repairs needed.

2.4.2 Establish when the instrument last
needed to be repaired. Determine the rates of
repair or instrument change.

2.5 Analysis of record

2.5.1 Review records periodically. Be
sure the schedule for maintenance checking is
being adhered to.

2.5.2 1If a particular model of instrument
shows repeated problems, consider recommend-
ing a different model. If a particular type of
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instrument shows repeated problems, increase
the frequency of maintenance.

2.5.3 If no changes or problems are re-
corded, decrease the frequency of maintenance
checks.
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Analytical Balances

1. Application or scope

1.1 This practice details general procedures
to be followed in using an analytical balance to
prepare standards and reagents and to make
gravimetric analyses.

1.2 The practice “Gravimetry,” in the sec-
tion “Standard Quantitative Analysis Tech-
niques” should also be consulted.

2. Practice

2.1 Basie operational procedures

2.1.1 Mount and level the analytical bal-
ance on a heavy shock-proof table, located away
from laboratory traffic, and protected from sud-
den drafts and humidity and temperature
changes.

2.1.2 Clean up any material spilled in the
balance case immediately.

2.1.3 Use ivory-tipped forceps or plati-
num-tipped tongs to handle objects to be
weighed. Never use bare hands.

2.1.4 When not in use, raise the beam
from the knife edges, return the weights to the
beam, remove objects from the pan, and shut
the side doors.

2.2 Calibration procedure

2.2.1 Check the calibration of a balance at
least every 3 months using Class S weights.

2.2.2 If recalibration is necessary, consult

and follow the manufacturer’s instructions.
2.3 Measurement procedure

2.3.1 Set the meter to read zero when the
balance is empty.

2.3.2 ‘Set the object to be weighed on the
balance pan using a pair of forceps or tongs,
that have tips softer than brass (for example,
ivory-tipped forceps, plastic-covered tongs,
platinum-tipped tongs).

2.3.3 Add weights, generally starting
with the largest, until balance is achieved. Con-
sult the manufacturer’s instructions for specific
instructions.
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Atomic Absorption
Spectrometers

1. Application or scope

1.1 This practice details procedures to be
followed in using atomic absorption spectromet-
ers.
1.2 Although all atomic absorption spec-
trometers must undergo similar operational op-
timization, ealibration, and standardization pro-
cedures, some variation in instrumental quality
control may be 'y since cially
available instruments vary somewhat with re-
gard to features such as read-out devices, bur-
ners, background correction, and curvature cor-
rection devices. The analytical requirements of
a laboratory dictate the instrument and optional
features to be utilized.
2. Practice

2.1 Basic operational procedures

2.1.1 Set controls such as gain, slit width,
flame type, and wavelength in accordance with
either the manufacturer’s manual or journal lit-
erature,

2.1.2 Commercial grade gases are ade-
quate. If compressed air is to be used for an
air-acetylene flame, provide a filter to remove
water and oil.

2.1.3 Select the lamp to be used, adjust
the lamp current, and allow the lamp to elec-
tronically stabilize as recommended in the man-
ufacturer’s manual. Aline the lamp by adjusting
the vertical and horizontal lamp controls until
maximum absorbance is achieved (NOTE 1).

NOTE 1. Hollow-cathode or electrodeless discharge lamps
are usually used as the line source in atomic absorption
spectrometry. Multielement hollowcathode lamps are avail-
able which contain from two to six elements. These lamps
are less expensive than buying several single-element
lamps; however, the useful life is usually shorter and sen-
sitivity less. Furthermore, the utility of the lamp decreases
considerably after one of the elements has completely vap-
orized from the cathode. The use of a multielement lamp,
therefore, is often a bad trade off unless the several ele-
ments contained in the lamp are determined only infre-
quently.

2.1.4 When the burner head is correctly

alined, the slot in the burner head is parallel
to and slightly below the source beam. To ad-
just the burner head, raise it until it intercepts
the light beam from the source, as indicated by
an increase of absorbance on the display; then
lower it slowly until the display again reads
zero. Ignite the appropriate gases as described
in the operator’s manual, zero the instrument,
and select a standard solution for the element
of interest which gives an absorbance of from
0.2 to 0.6 absorbance units. While aspirating
the standard, sequentially adjust the vertical,
horizontal, and rotational positions to achieve
maximum absorbance. Adjust the vertical
height prior to determining different elements.
Usually the rotational and horizontal positions
need to be realined only when changing burner
heads.

2.1.5 If it is necessary to adjust the
nebulizer, aspirate a standard solution contain-
ing an element that has a wavelength above 250
nm and requires an oxidizing air-acetylene
flame. Recommended elements are copper,
magnesium, nickel (341.5 nm), and lead (283.3
nm). Change the aspiration rate slowly until
maximum absorbance is reached.

2.1.6 Background correction devices,
available for most atomic absorption instru-
ments, must be used whenever there may be
interfering substances such as gaseous molecu-
lar particles, smoke, or salt particles present
in the source-light path. Always use
background correction when elements are de-
termined by heated-vaporization techniques
utilizing equipment such as a graphite furnace.

2.1.7 Adjust the wavelength by setting
the monochromator reading to the recom-
mended wavelength for a particular element
and then slowly changing the monochromator
fine adjustment until maximum light passage is
obtained. It is usually easier to optimize the
monochromator setting if a slightly narrower
than recommended slit width is used during this
adjustment. The slit width must be returned
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to the recommended setting after the
wavelength setting has been optimized.
2.2 Calibration procedure

2.2.1 After the alinement procedures
have been completed and the operating parame-
ters adjusted according to instructions in an in-
strument manufacturer’s manual or to literature
procedures, turn on fuel and support gases and
adjust to recommended flow rates. Ignite the
burner and aspirate water until thermal equilib-
rium is reached.

2.2.2 Adjust the electronics of the instru-
ment to read zero absorbance while aspirating
a blank solution that contains all reagents, ex-
cept for the elements of interest, in the same
proportion as the calibration standards. Con-
tinue the aspiration until a stable signal is ob-
tained.

2.2.3 Aspirate a standard solution con-
taining the analyte at a concentration that will
give an absorbance of between 0.2 and 0.6 and
that will be within the linear absorbance range
for the test element. Determine if adequate sen-
sitivity has been obtained by reference to the
manufacturer’s manual. Keep a record of the
sensitivity of each element for a particular in-
trument in order to detect deficiencies in the
instrument or operating conditions.

2.2.4 The appropriate concentration
ranges for each parameter are specified in Book
5, Chapter Al of the series, Techniques of
Water-Resources Investigations of the U.S.
Geological Survey (Skougstad and others,
1979). Use a minimum of five standards, equally
spaced over the concentration range. The blank,
standards, and sample solutions all must contain
the same concentration of added reagents.

2.2.5 When calibrating these instruments
in the concentration mode, follow manufac-
turer’s instructions. If less than five standards
are employed in this procedure, use the remain-
ing standards to confirm the validity of the
calibration.

2.2.6 Reaspirate the five standards in
random order to determine if the readings have
remained constant. If there is a question about
the stability of the operating parameters, the
following procedure can be applied. Zero the in-
strument while aspirating a blank solution. As-
pirate a standard solution having an absorbance
of between 0.2 and 0.6 and record the reading.

Repeat the process of alternately aspirating the
blank and standard solution until a total of six
readings have been obtained for the standard
solution. The standard deviation obtained from
these six measurements should not exceed 1
percent of the average reading of the standard
solution. if the repeatability is less consistent,
determine the source of variability before
analyzing samples. If the solids content of the
standard solution is too high, make an appropri-
ate dilution to prevent either clogging of the
burner or an erratic flame.

2.2.7 Each time an instrument is calib-
rated, keep a written record of the absorbance
readings or, in cases where the direct concen-
tration mode is used, the scale expansion of the
instrument for each set of standards. A signifi-
cant change (=10 percent) from previous results
immediately indicates that a problem exists
with the operational settings, the performance
of the atomic absorption spectrometer, or the
accuracy of the standard solutions. Corrective
action must be taken before analyzing samples.
Furthermore, an analyst must also be aware of
subtle, but consistent changes in absorbance or
expansion readings that may be indicative of
such things as the gradual deterioration of the
standard solutions, a dirty nebulizer system, a
clogged burner, an instrument-part malfunc-
tion, or the initial stage of a lamp failure.

2.8 Measurement procedure

2.3.1 Prepare the sample solutions as di-
rected in the appropriate analytical procedure.
After calibration of the instrument, aspirate the
sample solutions until a stable reading is ob-
tained and recorded. If the concentration of a
constituent in a sample falls outside of the
analytical range, adjust the concentration dilu-
tion or use an alternative method.

2.3.2 Aspirate demineralized water or
other sample solvent between each sample.

2.3.3 After every seventh sample, check
the operating conditions of the instrument by
aspirating a blank and, in random order, one
of the calibration standards. If the reading of
the calibration standard differs from the origi-
nal calibration results by more than 2 percent
or if baseline drift is indicated, take corrective
measures immediately.

2.3.4 It is usually unnecessary to match
the dissolved solids content of the standards
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and samples unless the dissolved solids concen-
tration of the samples exceeds 1 percent. If
matrix effects are severe, dilute the sample, use
a chelation-extraction technique, or use the
standard-addition technique.

2.3.5 When a sample is to be analyzed by
the method of standard additions, take four
equal aliquots of sample. Add to three of these
aliquots known amounts of analyte equal to one,
two, and three times the approximate concen-
tration of the sample. Dilute all four solutions
to the same volume. Aspirate with solvent and
adjust the absorbance read-out to zero. Aspi-
rate, in random order, the above standard-addi-
tion solutions. If necessary, subtract any non-
atomic absorbance from the absorbance read-
ings. Prepare a calibration graph by plotting
the absorbance against the added concentration.
Extrapolate the resulting straight line through
zero absorbance. The intercept on the absorb-
ance axis gives the concentration of the con-
stituent in the original sample. The standard-
addition technique must show linear relation-
ship between absorbance and concentration in
order to be valid.

2.3.6 Atomic absorption procedures in-
volving the use of flameless and electrothermal-
vaporization techniques have become increas-
ingly popular. The operation and calibration
steps closely parallel those for flame determina-
tion although a recorder, if employed as a read-
out device, must have a full-scale response time
of 0.5 seconds or less. The matrix effects for
electrothermal-vaporization  techniques are
much more severe, and the method of standard
additions must be used routinely. Background
correction must also be employed for elec-
trothermal-vaporization procedures.

2.4 Read-out and graphical techniques

2.4.1 If Beer’s law is followed or if a non-
linear curve can be electronically corrected by
the atomic absorption spectrometer, obtain con-

centration readings directly from the instru-
ment.

2.4.2 Alternatively determine the con-
stituent concentration from a plot of the aver-
age absorbances obtained for the standard solu-
tions versus their respective concentrations.

2.4.3 If the analytical curve is nonlinear
and uncorrected, use the calibration values to
obtain, by regression analysis, a parabolic equa-
tion, y=ag+a;x+asx?, where y=absorbance
and x=concentration. Obtain the constituent
concentrations for the sample solutions by the
direct substitutiion of absorbance values into
the equation, or use the derived parabolic equa-
tion to construct a graph of absorbances of stan-
dards versus their respective concentrations
and use the graph to obtain the concentration
values of the sample solutions.

2.4.4 If the analytical curve is linear at
low concentrations and becomes curved as the
concentration increases, plot the linear portion
of the curve immediately and use the calibration
values from the nonlinear portion of the curve
to calculate the parabolic equation. This equa-
tion, of course, applies only to the nonlinear
portion of the curve.
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Avutomated Analyzers

1. Application or scope

1.1 This practice details procedures to be
followed in using automated wet-chemical
analyzers.

1.2 The most commonly used automated
analyzer system is the Technicon AutoAnalyzer
which generally includes a sampler, proportion-
ing pump, cartridge manifold, heating bath (if
necessary), colorimeter or ion-selective elec-
trode module, voltage stabilizer, recorder, and
possibly a printer.

1.3 Other automated systems (for instance,
discrete or batch analyzers) or modular compo-
nents compatible with AutoAnalyzer modules
may be substituted, but'their precision and ac-
curacy must be at least equivalent.

1.4 AutoAnalyzer modules, on occasion,
have been used to automate instruments such
as atomic absorption spectrometers. It is im-
perative that the applicable precautions, such
as changing pump tubes routinely, which are
recommended for the complete system, also be
practiced when modules are used in this man-
ner. Some automated atomic absorption proce-
dures are designed to handle water-suspended
sediment mixtures. A sampler with a stirring
attachment is required in these situations.

2. Practice
2.1 Basic operational procedure

2.1.1 The platen pressure for the propor-
tioning pump is adjusted at the factory and re-
mains quite consistent if the platen is not used
on different pumps. However, adjust the platen
according to the manufacturer’s instructions if
the pump tubes wear rapidly because the platen
pressure is too low (NOTE 1).

NOTE 1. There are many causes for erratic flow; impro-
perly adjusted platen pressure is one of the less frequent
causes.

2.1.2 The material of the pump tubes
must be compatible with the solution being
pumped. Inspect them frequently, and deter-
mine a routine replacement schedule based on
the amount and frequency of use.

2.1.3 The Technicon “colorimeter” is a
two-photocell filter photoelectric colorimeter.
The procedures described in the practice, “Col-
orimetric spectrometers” are generally applica-
ble to its operation.

2.1.4 The two most common flow-cell
lengths are 15 mm and 50 mm; the length to
be used is determined primarily by the sensitiv-
ity of the procedure. The flow cell is removed
from the instrument infrequently; therefore,
the opportunity for handling-contamination is
reduced. When it is necessary to handle the
cell, handle carefully and do not scratch it.

2.1.5 Handle the light source with care.
Keep the light filters used in the instrument
scrupulously clean.

2.1.6 Check and optimize the optical aline-
ment periodically and follow the manufacturer’s
instructions, whenever a light source is re-
placed.

2.1.7 Replace the filter photometer with
an ion-selective electrode module for elec-
trometric determinations. Determinations are
usually performed at temperatures exceeding
25°C and thermal stability as well as electronic
stability is very important. Handle the ion-
selective electrodes according to the manufac-
turer’s instructions.

2.1.8 Set the indicator control on the filter
photometer first to zero and then to full scale.
The recorder should read zero and 100, respec-
tively. If it does not, adjust the appropriate set
screws on the photometer until the desired re-
corder readings are obtained.

2.1.9 Similar controls are also present in
the ion-selective electrode module. In addition,
another control switch contains four positions,
two of which are labeled “Cal 1” and “Cal 2.”
Adjust these positions to give recorder readings
of zero and 50, respectively. Adjustments are
also available on the ion-selective electrode
module to correct these readings, if necessary.

2.1.10 If results appear inconsistent or
noisy, check to see if the following problems
exist:
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- Dirty transmission line

- Inadequate warm-up time

- Erratic bubble patterns

- Improper sample-to-wash ratio

- Worn pump tubing

- Improper sampling rate

- Improperly functioning air-bar

- Improper cooling of the flow cell.
Correct any of the above factors which are pre-
sent. A properly operating system will contain
evenly spaced sample segments which flow with
little or no surging through the system.

2.2 Calibration procedure

2.2.1 Allow the instrument to electroni-
cally stabilize, and set the operating parameters
as specified for the analytical method. Specified
parameters should include sampling rate, sam-
ple-to-wash ratio, flow-cell length, heating bath
temperature, filters, and wavelength. The size
and type of pump tubing and the manifold ar-
rangement are to be considered an integral part
of the methodology for a particular determina-
tion.

2.2.2 Pumping all reagents through the
system, but using wash solution (usually de-
mineralized water) in the sample line, adjust
the baseline on the recorder to read zero. Ad-
just the printer to read zero also.

2.2.3 After the baseline has stabilized
with wash solution in the sample line, proceed
with calibration and with analysis of samples.
Beginning with the highest standard, place a
minimum of five standards, equally spaced over
the analytical range, in the first positions of the
first sample tray.

2.2.4 Place individual standards of differ-
ing concentrations or a blank solution in every
eighth position of this and subsequent sample
trays, filling the remainder of each tray with
unknown samples.

2.2.5 When the peak from the highest
standard appears on the recorder, adjust the
STD CAL control until the flat portion of the
peak reads full scale. Adjust the printer to read
the correct concentration value.

2.2.6 If the STD CAL setting and instru-
ment noise are consistent with previous, accept-
able determinations, proceed with the analysis.
If a problem exists, locate and correct it; then
recalibrate and continue.

2.2.7 Whenever an instrument is calib-

rated, keep a written record of the STD CAL
setting for each set of standards. A significant
change ( = 10 percent) from previously
documented results immediately indicates that
a problem exists with the operational settings,
the performance of the system, or the accuracy
of the standard solutions. Take corrective action
before analysis of samples begins. Be aware
that subtle but consistent changes in STD CAL
settings may be indicative of such things as the
gradual deterioration of standard solutions, an
instrument part malfunction, or the initial stage
of a lamp failure.

2.3 Measurement procedure

2.3.1 Appropriate analytical ranges for
each parameter are specified in Skougstad and
others (1979) and must be closely followed. If
the concentration of a constituent falls outside
of the recommended range, adjust the concen-
tration by dilution, or use an alternative analyt-
ical method.

2.3.2 If the calibration standards which
are in every “eighth” position differ from the
original calibration results by more than 2 per-
cent, or if baseline drift is indicated, take cor-
rective measures immediately.

2.3.3 The information concerning colored
waters in the practices “Correction for color
interference” and “Colorimetric spectrometers,”
is generally applicable to automated, colorimet-
ric procedures. Attempt to compensate for color
by passing an additional stream containing the
sample and all reagents, except for the indicator
reagent, through the reference channel of the
photometer. The points at which reagent solu-
tions are added and the mixing schemes have
to be identical for the two streams, and the
sample solution must be phased to arrive at
both cells at the same time. In applicable cases,
the absorbance due to sample color will be sub-
tracted.

2.3.4 Alternatively, use a bleaching or ad-
sorption procedure to remove the color before
the sample is placed on the sampler turntable.
Be sure that the chemistry of the constituent
being determined is not affected and be careful
to avoid contamination and the problems as-
sociated with adsorption.

2.3.5 If excess turbidity is present, re-
move it by passing the sample through a 0.45-
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pm filter or use an alternative procedure
(NOTE 2).

NOTE 2. The sample also may be centrifuged, often after
using a flocculating agent such as acidified sodium chloride,
to remove turbidity. However, as noted in Skougstad and
others (1979, p. 294), “Centrifuging is often useful, but it
is less efficient than membrane filters for fine particles.”

2.4 Read-out and graphical techniques

2.4.1 If the AutoAnalyzer procedure fol-
lows Beer’s law, use the printer concentration
directly.

2.4.2 If a printer is unavailable, plot stan-
dard concentration versus recorder readings
and determine the concentrations of the sam-
ples from the graph.

2.4.3 If the analytical curve is nonlinear,
use the calibration values to obtain, by regres-
sion  analysis, a  parabolic  equation
y=ag+a,x+ayx> where y=recorder reading
and « = concentration. Sufficient standards must
be used in the nonlinear portion of the curve
to properly define it. Obtain the constituent

concentrations by direct substitution of record-
er readings into the equation, or use the de-
rived parabolic equation to construet a graph
of recorder values of standards versus their re-
spective concentrations and use the graph to ob-
tain the concentration values of the sample solu-
tions.

2.4.4 If the analytical curve is linear at
low concentrations and becomes curved as the
concentration increases, plot the linear portion
of the curve immediately and use the calibration
values from the nonlinear part of the curve to
calculate the parabolic equation. This equation,
of course, applies only to to the nonlinear por-
tion of the curve.
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Colorimetric Spectrometers

1. Application or scope

1.1 This practice details procedures to be
followed in the calibration and operation of
spectrometers.

1.2 A spectrophotometer consists essen-
tially of a radiant-energy source; a device, such
as a prism or grating with a selection slit, for
isolation of relatively monochromatic radiant
energy; one or more absorption cells to hold the
sample, standards, and blank; and a photodetec-
tor to measure the radiant energy passed
through the solution. Commercially available
spectrophotometers vary with regard to such
features as spectral bandpass, type and quality
of monochromators, read-out devices, and avail-
ability of optional equipment.

1.3 A filter photometer uses a filter in place
of a prism or grating. The resulting light is not
as monochromatic; in addition, this instrument
lacks the versatility of a spectrophotometer.
However, in spite of these drawbacks, the re-
cent trend towards automated procedures has
increased the popularity of the filter photome-
ter because it is well suited to individual deter-
minations.

1.4 The addition of a semiautomated device
to aspirate the samples directly into the cell,
and then to a waste line after a reading has
been obtained, is a very desirable feature if a
large number of samples is being analyzed, be-
cause it is faster and eliminates most of the
problems involved with cell handling and place-
ment.

2. Practice
2.1 Basic operational procedures

2.1.1 The light source usually used in the
visible region is a tungsten filament incandes-
cent bulb. Align the bulb according to the man-
ufacturer’s manual whenever it is replaced or
disturbed. Be careful not to touch the glass part
of the lamp because serious deterioration of an
instrument’s performance may result.

2.1.2 Check the alinement of the cell hold-
er periodically. If it is removed or disturbed,

realine the cell holder according to the manufac-
turer’s instructions.

2.1.3 When handling a cell, protect it
from scratches and never permit it to rub
against another cell or against other hard sur-
faces.

2.1.4 Avoid using abrasive, corrosive, or
stain-producing cleaning agents in or on a cell.

2.1.5 Do not handle the part of the cell
through which the light beam will pass.

2.1.6 Always rinse the cell with several
portions of the solution before taking a mea-
surement.

2.1.7 Wipe the outside of the cell with
clean lens paper to eliminate any liguid drops
or smudges. Inspect to ensure that no lint re-
mains on the outside or that no small air bub-
bles cling to the inner surface of the cell.

2.1.8 If two cells are used simultaneously,
always use one for the blank solution and the
other for the various samples.

2.1.9 Carefully place the cells in the sam-
ple holder to avoid scratches. Position cells with
identifying lines or marks as specified in the
manufacturer’s manual.

2.1.10 For maximum precision and accu-
racy, standardize and measure with matched
cells. The placement of cells in a correct
(exactly at right angles to the beam), reproduci-
ble manner cannot be overemphasized.

2.1.11 Check the wavelength calibration
at least every 6 months. Many high quality
standards having very sharp absorption or
emission peaks that are isolated from nearby
peaks can be used. Some of the more practical
methods for calibration in the visible region in-
volve the use of one of the following materials:
holmium oxide glass, holmium oxide solution,
mercury lamp, or deuterium lamp. Consult the
manufacturer’s manual for specific directions.

2.2 Calibration procedures

2.2.1 After the alinement procedures
have been completed, allow the instrument to
electronically stabilize and then set the
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wavelength, slit width, if variable, and other
operating parameters as specified in either the
Techniques of Water-Resources Investigations
(TWRI), Book 5, Chapters Al and A3, or in
the operator’s manual.

2.2.2 If information on the optimum slit
width for a particular determination is unavaila-
ble, it must be determined. This depends on
the spectral characteristics of the sample and
the dispersion of light in the spectrophotome-
ter. Use the narrowest slit width that will give
an acceptable signal-to-noise ratio. Block the
source light from the photodetector and set the
percent transmittance reading to 0.00. Insert
a blank, consisting of demineralized water and
reagents added in the same volume and manner
as for standards and samples into the light path
and set the percent transmittance to 100.0
(equivalent to an absorbance of 0.000). Refer
to the manufacturer’s manual for a complete de-
scri?tion of the calibration procedures for the
absorbance and concentration modes. Do not
use the concentration mode if the calibration
curve is not linear over the operating range.
When reading concentration directly, do not
measure absorbances of solutions that exceed
the working range of the procedure.

2.2.3 The appropriate concentration
ranges for each parameter are specified in the

TWRI, Book 5, Chapters Al and A3 or in other-

analytical methods manuals and technical jour-
nals. Use a minimum of four standards, equally
spaced over the concentration range, to calib-
rate a visible-range spectrophotometer in the
absorbance mode. The blank, standards, and
sample solutions all must contain the same con-
centration of added reagents.

2.2.4 Follow the manufacturer’s instruc-
tions when calibrating an instrument in the con-
centration mode. If less than four standards are
employed in 'this procedure, use the remaining
standards to confirm the validity of the calibra-
tion.

2.2.5 Recheck the 0.00 and 100.0 percent
transmittance points, and if they and the read-
ings for the standards are satisfactory, the in-
strument is correctly calibrated. If not, repeat
the above procedure. If a problem still exists,
locate and correct it before proceeding further.

2.2.6 Whenever an instrument is calib-
rated for a determination, keep a written record

of the slit width, if applicable, and absorbance
readings (percent transmittance readings
should be used only if this is the only measure-
ment scale available) for each set of standards.
A significant change ( =10 percent) from previ-
ously documented results, immediately indi-
cates that a problem exists with the operational
settings, the performance of the spec-
trophotometer, or the accuracy of the standard
solutions. Take immediate, corrective action.
Be aware that subtle, but consistent changes
in absorbance readings may be indicative of
such things as the gradual deterioration of stan-
dard solutions, an instrument-part malfunction,
or the initial stage of lamp failure.

2.2.7 The rate of development and the
stability of the color formed in spec-
trophotometric procedures for water analysis
vary considerably. Most procedures specify the
time required for color development. The re-
commended time interval must be closely fol-
lowed for both standards and samples.

2.3 Measurement procedure

2.3.1 Prepare sample solutions as directed
in the analytical procedure. If the working
range of the method is exceeded, dilute the
sample or use an alternative procedure.

2.3.2 After every 10th sample, check the
stability of the spectrophotometer by measuring
a blank, and in random order, one of the calibra-
tion standards. If the reading of the calibration
standard differs from the original calibration
value by more than 2 percent, or if drift is indi-
cated, take corrective measures before proceed-
ing with the analysis. If the color complex is
unstable, sufficient standards must be prepared
in the order in which they will be read, so that
a standard can be inserted after every tenth
sample.

2.3.3 The natural color in many water
samples shows an appreciable absorbance at the
wavelengths used in a number of determina-
tions; this effect requires either compensation
or elimination. In some cases, a procedure has
such high sensitivity that the absorbance of the
constituent sought will exceed the absorbance
of the natural color by a very large factor. If
this factor is as high as 50 for a particular deter-
mination, the error introduced by the natural
color will be only 2 percent and, in routine
work, no compensation will be required. Simi-
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larly, if the sensitivity of a procedure is suffi-
ciently high, it is often possible to minimize the
color absorbance by diluting the sample while
still obtaining an accurate concentration value
for the constituent. This technique requires a
knowledge of the relative sensitivity for the
constituent sought.

2.3.4 If the relative sensitivity is not
known or if there is any doubt as to the effect
of color on the absorbance of the element
sought, attempt should be made to remove or
compensate for the color present by using the
following procedure. Take the same volume of
sample water as was used for the test sample
with one exception: do not add the indicator
reagent. Instead, add an equal volume of indi-
cator solvent, usually dilution water. Measure
the absorbances of these two samples. The cor-
rected absorbance, which is used to obtain con-
centration values, is the difference between the
absorbance of the test sample with indicator
reagent and the natural-color corrections. This
method fails when the indicator reagent reacts
with or affects the natural color or turbidity in
the water sample. The latter qualification re-
lates more to turbidity than color, and filtration
of an excessively turbid sample through a 0.45
wm filter may be required.

2.3.5 If (such as with very highly colored
waters), the above procedure is not applicable,
procedures involving bleaching or adsorption
can sometimes be used to advantage. These
techniques must be applied with great care,
however, because it is relatively easy to con-
taminate or change the sample by either adding
or removing constituents from the water sam-
ple.

2.4 Read-out and graphical techniques

2.4.1 If Beer’s law is followed, the concen-
tration readings can be obtained directly from
the instrument, if it has concentration mode
capabilities.

2.4.2 Alternatively, the constituent con-
centration can be determined from a plot of ab-
sorbances obtained for the standard solutions
versus their respective concentrations.

2.4.3 If the analytical curve is nonlinear,
the calibration values of the standards must be
used to obtain, by regression analysis, the

parabolic equation y=ao+a,x+axx®> where
y =absorbance and x = concentration. Sufficient
standards must be used to properly define the
equation. Obtain constituent concentrations by
direct substitution of absorbance values into the
above equation, or use the derived parabolic
equation to construct a graph of the absorb-
ances of standards versus their respective con-
centrations, and use the graph to obtain the
concentration values of the samples.

2.4.4 If the analytical curve is linear at
lower concentrations and becomes curved as the
concentration increases, plot the linear portion
of the curve immediately and use the calibration
values from the nonlinear part of the curve to
calculate the parabolic equation. This equation,
of course, applies only to the curved portion.

2.4.5 If the scale of the spectrophotome-
ter does not read directly in absorbance, it is
most convenient to plot concentration against
percent transmittance on semilogarithmic
paper, using the logarithmic scale for the per-
cent transmittance values.
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Conductivity Meters

1. Application or scope

1.1 This practice details procedures to fol-
low in using conductivity meters. Conductivity
meters are of relatively uncomplicated design
and produce excellent results with simple qual-
ity control measures.

1.2 Conductivity meters consist essentially
of a source of alternating current, a wheatstone
bridge, a null indicator, and a conductivity cell.
Conductivity cells usually consist of two thin
plates of platinized metal, rigidly supported
with a very precise parallel spacing. Pure plati-
num electrodes and circular carbon rings imbed-
ded in an epoxy-type plastic cell are also used.
2. Practice

2.1 Basic operational procedure

2.1.1 At regular intervals, visually check
the cell to insure that the platinized electrode
surfaces are in good condition, that the elec-
trodes are not bent, distorted, or fouled, and
that the lead wires are properly separated and
shielded to prevent electrolytic and capacitive
current.

2.1.2 Clean and replatinize electrodes
whenever the readings become erratic or in-
spection shows that any platinum black has
flaked off. New electrodes must also undergo
these cleaning and platinizing steps.

2.2 Calibration procedure

2.2.1 Allow the conductance instrument
to electronically stabilize.

2.2.2 Prepare the KCl standard with care
(NOTE 1). Compare the conductivity of a newly
prepared standard with a previously prepared
standard in order to ensure that the standard
is correct.

NOTE 1. To prepare a 0.00702N potassium chloride solu-
tion, dissolve 0.5234 g KCl, dried at 180°C for 1 hour, in
demineralized water and dilute to 1,000 mL (Skougstad and
others, 1979); this solution has a specific conductance of
1,000 umho/em at 25°C. For potassium chloride solutions
which will have other specific conductances, see Standard
Methods (American Public Health Association and others,
1976).

2.2.3 Carefully measure the temperature
of the standard solution (NOTE 2).

NOTE 2. Temperature significantly affects conductance
s since d ce increases about 2 percent

per degree Celsius. In the U.S. Geological Survey, specific

conductance measurements are routinely reported at 25°C.

2.2.4 For direct-reading instruments with
temperature compensation, measure the tem-
perature of a 1,000 pmho/cm KCl standard, set
the temperature control, and adjust the instru-
ment to read 1,000. If another scale is used,
check the calibration with another standard
which is known to be in the range of the new
scale.

2.2.5 For direct-reading instruments that
are not temperature compensated, calibrate the
instrument to read the conductance value of the
KCI standard solution at the measured temper-
ature by preparing a table of the conductivity
of 0.00702N KCl versus temperature. If another
scale is used, check the calibration with another
standard which is known to be in the range of
the selected scale.

2.2.6 For resistance measurements made
using a wheatstone bridge, determine the cell
constant of a particular cell according to direc-
tions in the methods manual. Inasmuch as the
cell constant can change, it is necessary to re-
calculate this constant periodically. The resis-
tance of sample solutions, and consequently
their specific conductance, may be determined
at 25.0°C by using a 25°C bath or by allowing
samples to stabilize in a constant-temperature
room (Skougstad and others, 1979). However,
usually it is easier to determine experimentally
the resistance of a standard KCl solution at
0.1°C intervals and make a correction to obtain
the corresponding conductance at 25.0°C.

2.3 Measurement procedure

2.3.1 Carefully and thoroughly rinse the
cell between each sample.

2.3.2 Record the temperature of each
sample solution to the nearest 0.1°C.
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2.3.3 Record the reading on the meter.

2.3.4 If the conductance meter is function-
ing properly, it is not necessary to check the
standardization more than twice a day.

2.4 Read-out and graphical techniques

2.4.1 For a direct-reading instrument
with temperature compensation, record the spe-
cific conductance directly from the meter with
the temperature compensator adjusted to the
observed temperature of the sample solution.

2.4.2 For a direct-reading instrument
which is not temperature comp ted, obtain
the reading at a certain temperature x and mul-
tiply it by the ratio of the specific conductance
of KCI solution at 25.0°C to that of the same
solution at temperature x. This ratio is obtained
from the table which is prepared as discussed
in 2.2.5. If the resistance of the sample is mea-
sured by a wheatstone bridge, determine the
specific conductance of the sample by dividing

the resistance of the KCl standard solution at
temperature & by the resistance of the sample
solution at temperature z and multiplying by
1,000.
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Gas Chromatographs

1. Application or scope

1.1 This practice details procedures to be
followed in using gas chromatographs to analyze
water samples, and particularly to determine
pesticides.

1.2 Although all gas chromatographs re-
quire similar operational optimization and calib-
ration procedures, some variation in instrumen-
tal quality control may be necessary since com-
mercially available instruments vary somewhat
and since different columns and detectors must
be used depending on analytical methodology.

2. Practice
2.1 Basic operational procedure

2.1.1 Unless there is sufficient reason for
an exception, use column tubes of glass or Tef-
lon. Copper and stainless steel may cause de-
composition of certain compounds in the column
(Sherma, 1979).

2.1.2 Use columns of either 2 mm or 4 mm
ID for pesticide (NOTE 1). For electron-cap-
ture detectors, columns of about 2 mm are usu-
ally preferred (Goerlitz and Brown, 1972).

NOTE 1. Sample injection volumes should not exceed 10
pL for the 2 mm and 80 pL for the 4 mm ID columns.

2.1.3 Acid-wash each new column with di-
lute HCI, rinse thoroughly with distilled water,
methanol, and hexane, and treat with Glass
Treat or similar silylating reagent. Allow to dry
completely.

2.1.4 When packing a column, use vibra-
tion and pressure and (or) vacuum to settle the
material and small plugs of “silanized” glass
wool to hold the packing in place. Sherma (1979)
recommends hand vibration for high quality col-
umns.

2.1.5 After installing the column in the
gas chromatograph, but before connecting to
the detector, condition it as follows (Goerlitz
and Brown, 1972):

2.1.5a Purge the columns for 30 minutes
with inert carrier gas.

2.1.5b  Turn off carrier gas flow and heat
columns to 250°C for 2 hours (NOTE 2).

NOTE 2. Do not exceed the manufacturer’s maximum us-
able temperature during the conditioning procedure.

2.1.5¢c Reduce the temperature to 210°C
and allow it to equilibrate for 30 minutes.

2.1.5d Turn on carrier gas to about 30
mL/mm and continue heating at 210°C for about
12 hours (NOTE 3).

NOTE 3. Between 24 and 72 hours may be required for
fluorinated or other high-bleed liquids, especially when
using the electron-capture detector.

2.1.6 Tightly cap columns not in use and
recondition them before reuse if they have been
out of the instrument for more than a few days.

2.1.7 After conditioning, inject an appro-
priate solution (see 2.1.7a for pesticides), calcu-
late the theoretical plate value, and compare to
published results to determine performance, re-
tention-time characteristics, and efficiency of
each column. Use the following formula (NOTE
4)

2
n=16 ﬁ-)

At un

where
n=number of theoretical plates,
tr=uncorrected retention time of peak, and
At=peak retention width (length of baseline
cut by the two tangents of the peak at
the half-height point).

NOTE 4. Within the Geological Survey Central Laboratory
System, calculations are being performed by a computer
using the chr phic peak data and the for-

Progi

p= (7;7—)2 5.54 a8)
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where
p=number of theoretical plates,
tr=uncorrected retention time, and
w, = peak width at half height.

2.1.7a Inject a solution of DDE, dieldrin,
and DDT to test for organochlorine insecticides;
inject parathion to test for organophosphorus
insecticides, and inject 2,4,5-T to test for chlori-
nated phenoxy acid herbicides (NOTE 5).

NOTE 5. Using the computer program indicated in NOTE
4, the plate numbers for more pesticides can be easily calcu-
lated.

2.1.7b For example, if p,p’-DDT is used
as a standard, a 1.8-m column should have an
efficiency of more than 1,500 theoretical plates
in order to be acceptable for pesticide analysis.
A column must be replaced as soon as deteriora-
tion is observed as indicated by changes in elu-
tion pattern, relative retention time, relative
proportion of peaks, and peak geometry.

2.1.8 Calculate the resolution:

2d
R ATA 19)
where
R =resolution
d=the distance between the apex of each
peak, and
W, and Wo=width of baselines at the point
where tangents to each peak intersect.

At least one of the columns to be used should
give an R value of at least 1.0 for the compound
of interest. Separation of p,p’'~DDE and diel-
drin on the mixed phase column, for example,
should give a resolution of at least 1.0.

2.1.9 Check resolution and theoretical
plate values at least monthly. Record data in
a notebook. Include identification number of the
column, material in it, mesh size, percent coat-
ing, and date prepared. Include a sample
chromatograph in the book to which graphs
from subsequent analyses can be compared to
detect gradual decomposition of the column.

2.1.10 Identify each column by attaching
a metal tag with an assigned number, material
in it, mesh size, percent coating and date pre-
pared.

2.1.11 Precise column temperature con-
trol (£0.5°C) is mandatory if reproducible
analyses are to be obtained. The column-oven
temperature is generally set between 175° to
200°C. To monitor the temperature, insert a
mercury thermometer through an unused injec-
tion port or insert the stem of a precalibrated
dial thermometer through the oven door.

2.1.12 Column temperature may be
checked by computing the relative retention
ratio for two pesticides (for example p,p’-DDT
compared to aldrin) as specified in Sherma,
1979, p. 108.

2.1.13 The inlet temperature is usually
maintained at 25° to 50°C above the maximum
column-oven temperature. Change the septum
at the end of each day; avoid handling the sep-
tum with the fingers.

2.1.14 The quality of compressed gas
needed depends on the type of detector. Use
only the grade of gas recommended by the ven-
dor for the particular instrument being used.
“Specialty” grade, or equivalent, is generally
specified for electron-capture detectors.

2.1.15 Change gas cylinders when tank
pressure reaches 200 lb/in? to avoid potential
fouling of system and detector. Replace gas
cylinders immediately if the gas produces exces-
sive baseline noise or poor sensitivity.

2.1.16 Gas cylinders should be equipped
with dual stage regulators. The gas chromato-
graph must be equipped with accurate needle-
valve gas-flow controls. If these controls were
not previously calibrated, this can be ac-
complished by using a soap-bubble flow meter
and a stopwatch. The optimum flow rates of
gases. used with various detectors can be found
either in the manufacturer’s manual or in the
procedure for a particular determination. Shut
off purge gas and gas to columns not in use
(but going to the same detector) when measur-
ing the flow rate of the column.

2.1.17 Choose a detector suited to the
compounds being determined and the sensitiv-
ity desired. For example, the electron-capture
detector is extremely sensitive to electronega-
tive functional groups and therefore to con-
stituents such as: halogens, conjugated carbon-
yls, nitrates, nitrites, and organometals. The
selective sensitivity to halides makes this detec-
tor of particular value for the determination of
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many pesticides. Although the sensitivity of the
microcoulometric detector is not outstanding, it
is specific for halogen-, sulfur-, or nitrogen-con-
taining compounds. Other commonly used de-
tectors include the flame-ionization, flame-
photometrie, electrolytic-conductivity, and al-
kali-flame detectors. The detector temperature
is generally maintained at between 25° to 50°C
above the maximum column-oven temperature.

2.1.18 Check the condition of nickel-63 de-
tectors at least monthly, and more often if
noise, low response, nonlinearity, or other
symptoms indicate the possibility of a dirty de-
tector. Use an electrometer amplifier to give
a detector profile as shown in the instrument
manuals. Usually when a poor profile is re-
corded, the detector is not usable and must be
returned to manufacturer for cleaning and re-
placement or cleaning of the source, gaskets
and electrodes. Spare detectors are necessary
to eliminate lost time while a detector is being
cleaned and repaired.

2.1.19 Help prevent detector contamina-
tion from a carrier gas containing grease or
water vapor by using a molecular sieve filter
drier; check or regenerate the trap at least
monthly. If a detector becomes contaminated
from this or other sources, follow the manufac-
turer’s cleaning instructions.

2.1.20 A recorder with an adequate input
voltage range and pen response is used to re-
cord the chromatogram. In addition, the actual
peak area values must be determined by a digi-
tal integrator when peak separation warrants,
or by a compensatory polar planimeter reading
to the nearest 0.01 in® if a digital integrator
is not suitable because of a lack of peak separa-
tion (NOTE 6).

NOTE 6. Baseline noise should be less than 1 percent of
full scale. Proper adjustment of the recorder gain control
is important. If gain is lowered too much, to compensate
for excessive baseline noise, peaks are jagged or flat instead
of pointed.

2.1.21 Because of the stabilization time
needed for the proper operation of a gas
chromatograph, it is common practice to keep
the instrument turned “on” continuously. When
not actually in use, keep a low carrier flow
(about 25 mL/min) through the column and a
purge of 25 to 30 mL through the detector.

2.2 Calibration procedure

2.2.1 The calibration procedures are per-
formed after the gas chromatograph has
stabilized, thermally and electronically, and
with the operating conditions adjusted as
specified. Use a precision, gas-tight microliter
syringe that can be accurately filled, that will
deliver reproducible injections, and that may be
easily cleaned.

2.2.2 Flush the syringe several times with
the standard to be inserted, then overfill the
syringe, withdraw it from the sample container,
check it visually for bubbles, and discharge the
excess solution.

2.2.3 Immediately and smoothly inject the
standard. The volume injected is measured by
reading the syringe both before and after injec-
tion.

2.2.4 To determine linear response for
each pesticide of interest, use a suite of four
to six standards, spaced at equal logarithmic in-
tervals of the concentration range. The concen-
tration of the pesticide in the series of standard
solutions should be such to calibrate either the
full range of linear detector response or the
range of anticipated concentration in the sam-
ple, whichever is less.

2.2.5 Pesticide standards may be obtained
from reliable sources such as gas chromatog-
raphy specialty houses or from the instrument
manufacturer. In some cases, additional purifi-
cation may be necessary. They should be refrig-
erated or stored in a desiccator during pro-
longed storage. At least two separate sources
should be used.

2.2.6 Inject a standard of a given concen-
tration until at least three peaks have the same
reading (within 5 percent) at the same attenua-
tion.

2.2.7 If a linearized detector is part of the
operating instrument, the following alternative
calibration procedure may be used: Inject four
calibration standards. The first is one order of
magnitude above the detection limit for the pes-
ticide of interest, the second is twice the con-
centration of the first; the third is between
three and four times the concentration of the
first, and the fourth standard is either two or
three orders of magnitude greater than the first
standard or is equal to the highest anticipated
concentration of pesticide, whichever is less. If
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the average reading of the most concentrated
standard does not deviate from linearity by
more than 5 percent, the calibration curve is
acceptable and the linearized detector can be
adjusted to give a straight line response over
the entire calibration range.

2.2.8 Use one of the above calibration
procedures semiannually or when response fac-
tors have changed by more than 10 percent,
when a new column has been installed, or when
any other major changes have been made in the
system. Record all data, including date of calib-
ration, in a notebook.

2.2.9 In addition, include at least two sets
of two standards each in each day’s determina-
tion. Use concentrations at the first and second
order of magnitude above the detection limit.

2.2.10 Analyze one set of standards be-
fore any samples are analyzed to verify proper
operation of the instrument. Operating condi-
tions are satisfactory if a line drawn between
the read-out values for these two standards is
parallel to the original calibration curve and if
these values do not differ by more than 10 per-
cent from the values for the same concentra-
tions on the original calibration curve.

2.2.11 The values obtained from these
two standards are used as a basis for determin-
ing the concentrations of the samples analyzed
on that particular day. The second and any sub-
sequent sets of standards will be introduced
later for a continued check of operating condi-
tions. Inject a second set of standards if more
than 2 hours have elapsed since the start of the
run, if instrument conditions are changed, or
if the analyst suspects (because of very concen-
trated or dirty samples) any change in instru-
ment response. If the results from the stan-
dards indicate that a problem exists, prepare
fresh standards and repeat the procedure. If
this does not solve the problem, the difficulty
exists in the instrument and must be located
and corrected before proceeding.

2.2.12 Record all information pertinent to
the analysis of standards or samples, such as
analysis date and time, column description,
operating conditions, sample number, and type
of pesticide, directly on the recorder chart.

2.3 Measurement procedure

2.3.1 After calibration has been com-

pleted, the analysis of water samples may

begin. Prepare sample solutions as directed in
the analytical procedure.

2.3.2 If the concentration of the prepared
sample does not fall within the working range
of the procedure, either concentrate or dilute
the sample extract or use an alternative analyti-
cal method.

2.3.3 Fill the syringe and inject the sam-
ple as described in steps 2.2.2 and 2.2.3 above.

2.3.4 After a sample extract has been in-
jected, do not make any subsequent injections
until the last compound has been eluted and the
baseline has returned to normal.

2.3.5 Before every set of samples, inject
a reagent blank. If baseline drift is indicated,
take corrective measures before proceeding
with the analysis.

2.4 Read-out and graphical techniques

2.4.1 Compare the relative retention
times (the ratio of the retention time of an un-
known to that of a selected standard on two
or more columns) to qualitatively identify con-
stituents. For pesticides use as the standard:
aldrin for chlorinated hydrocarbon insecticides,
parathion for organophosphorus insecticides,
and the methyl ester of 2,4-D for chlorinated
phenoxy acid herbicides.

2.4.2 A digital integrator or data system
(such as the Hewlett Packard 3352) is the most
accurate device for measuring chromatographic
peaks and must be used whenever conditions
permit. For the first calibration procedure (de-
scribed in the earlier subsection on “Calibration
Procedure,” involving the use of four to six
standards) derive a least squares equation
(y=mx +b) from the observed values of concen-
trations and peak areas of the standards. Use
the response factor, m, thus obtained to calcu-
late the concentrations of the sample solutions.

2.4.3 The measurement of peaks is often
complicated by the different manners in which
they appear. They may appear as (a) a single
peak or two or more completely separated, dis-
crete peaks, (b) two or more discrete peaks not
completely separated, (¢) a small peak or shoul-
der on the leading or trailing edge of a relative-
ly large peak, or (d) two or more peaks per-
fectly overlapping each other. Generally, the di-
gital integrator can be used with satisfactory
results for cases (a) and (b).

2.4.4 It is very difficult to isolate a shoul-
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der from a larger peak in a reproducible man-
ner. In this situation, construct a line drawn
to conform with the shape of the larger peak,
then measure both the area of the shoulder and
the area of the larger peak with a planimeter.
Average at least two independent measure-
ments to obtain the peak area of each portion.
The area under the larger peak is usually quite
accurate, that of the shoulder is not. Similarly,
components eluting at nearly the same time to
form a single peak are easily misinterpreted.
Preferably, in either of the above situations
where the peak separation is poor, make
changes in order to isolate compounds for quan-
titative determination. For example, use a dif-
ferent type column, different type detector, or
thin-layer chromatography.

2.4.5 Because a column may not separate
all pesticides present in a water sample, cor-
roborate each pesticide detected by at least one
other technique (for example, different type col-
umn or different type detector). For example,
all water samples and sediments containing pes-
ticides must be analyzed by electron-capture
gas chromatography using two different types
of columns for confirmation. Because lack of
peak resolution increases the apparent concen-
tration, the lower concentration from two deter-
minations is more likely to be correct and, in
general, should be reported. If peak resolution
seems poor for both determinations and (or) if
differences in the two results seem large,
further corroboration should be used.

2.4.6 The presence of pesticides at con-
centrations greater than 1.0 pg/L in water or
10.0 pg/kg in sediment samples must be con-
firmed by conductivity gas chromatography; re-

port the electron-capture values since conduc-
tivity detectors are inherently less sensitive and
pesticide concentrations are commonly near
their detection limits. The quantitative results
between the specific-element and the electron-
capture detectors should, however, agree with-
in 20 percent. If the pesticide concentration is
greater than 2.0 ug/L in water or 20 pg/kg in
sediment, the pesticide must be confirmed by
gas-chromatography-mass spectrometry.
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Potentiometers

1. Application and scope

1.1 This practice details procedures to be
followed in using potentiometric meters. The
design and operation of the meters are quite
uncomplicated and most of the problems with
this type of instrumentation are associated with
the electrodes.

1.2 Ion-selective electrode procedures em-
ploy a potentiometer in conjunction with a re-
ference electrode and an ion-selective electrode
that is responsive to the ion of interest (NOTE
D.

NOTE 1. In the last few years, some ion-selective electrode
determinations have been d. The care of the in-
volved electrodes is identical to that for manual procedures,
although the manufacturer’s manual should be consulted for
additional information on the operation of the potentiome-
ter.

2. Practice
2.1 Basic operational procedure

2.1.1 Electrodes must be conditioned ac-
cording to the manufacturer’s directions before
they are ready for initial use. Ion-selective elec-
trodes tend to deteriorate with use. Periodically
replace or, if possible, recondition them.

2.1.2 If erratic, incorrect, or nonlinear
readings are observed, check the electrode to
see if it is cracked or scratched. Check also to
see if the electrode is sufficiently filled, if there
is a break in the shielding of the electrode leads,
or if there is poor connection between the elec-
trodes and the meter.

2.1.3 Store the electrodes carefully, fol-
lowing the manufacturer’s instructions (NOTE
2).

NOTE 2. A glass pH electrode must be soaked for several
hours if allowed to dry out until stable readings can be
obtained.

2.1.4 Many potentiometers have a
standby mode which maintains the electronics
of the instrument in a “ready” condition and re-
quires a change from the measuring mode into
the standby mode before removing the elec-

trodes from solution. Check the manufacturer’s
manual to see if this change must be made and
(or) what other requirements are necessary.

2.2 Calibration

2.2.1 Begin the calibration procedure only
after the potentiometer has electronically
stabilized.

2.2.2 To calibrate a potentiometer to de-
termine pH, immerse the electrodes in a buffer
solution (usually pH 7.00), measure the temper-
ature of the buffer solution, adjust the tempera-
ture control and use the standardization control
to give the correct reading on the meter. Check
the millivolt scale while the electrode is in the
pH 7.00 buffer; if the reading is not 010 mV,
replace the electrode.

2.2.2a As noted in Skougstad and others
(1979), at least three buffer solutions (pH 4.00,
7.00, and 9.00) must be available to standardize
the pH instrument. Provide additional standard
buffer solutions, if needed, to cover the pH
range of the samples. If the electrodes are func-
tioning correctly, a reasonably correct value (=
0.1 pH unit) should then be obtained when the
electrodes are rinsed and immersed in the sec-
ond buffer solution. Some meters contain a
slope adjustment feature to compensate for
small amounts of asymmetric behavior in the
glass electrode. The manufacturer’s manual de-
seribes the function and operation of this fea-
ture. If the second buffer reading differs by
more than 0.1 pH unit from the known value,
the cause of this excessive deviation should be
located and corrected before proceeding.

2.2.2b  Prepare buffer solutions every 3
months or whenever a visible change occurs,
since some of the buffer solutions deteriorate
with age (NOTE 3). Discard the buffer solutions
used for standardization and never mix with un-
used portions.

NOTE 3. Prepared buffer solutions or buffer -ates
are available from instrument and chemical manufacturers.

2.2.3 To calibrate the potentiometer for
ion-selective electrode procedures other than
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pH, prepare and use three standards covering
the concentration range, as specified in the ap-
propriate analytical method.

2.2.3a To calibrate the instrument, set the
temperature of the meter to that of the stan-
dard solutions.

2.2.3b Both “mV” and “log” scales can be
used to measure concentrations. For the “mV”
scale, sequentially place the electrodes in each
of the three standards, and record the readings.
Plot the values as described in paragraph 2.4.2;
if they are satisfactory, the instrument is ready
to begin analysis. If not, correct the problem
before proceeding.

2.2.3¢c For the “log” scale, place the elec-
trodes in the first standard and use the standar-
dization control to set the correct concentration
on the “log” scale. Then measure the concentra-
tion of the second standard, reading the concen-
tration directly. If the reading deviates only
slightly from the actual concentration, use the
slope correction to correct this value. Check the
third standard. If it reads correctly, the instru-
ment is properly calibrated; if not, correct the
problem before proceeding.

2.2.4 Scale expansion features are avail-
able on many meters. If the concentration range
of interest is relatively narrow, expand the
scale.

2.2.5 If the meter and electrodes are fune-
tioning normally, it is not necessary to check
the standardization more than twice a day. This
applies to measurements made in the laboratory
and does not apply to field measurements where
more frequent standardization checks are usu-
ally necessary.

2.3 Measurement procedures

2.3.1 The temperature of the samples to
be analyzed should not differ by more than 5°C
from the temperature of the pH buffers or the
standard solutions.

2.3.2 Measure the temperature of the
sample and set the temperature control.

2.3.3 If there is a significant difference
between sample and electrode temperatures,
allow the electrodes to reach the sample tem-
perature before making an analysis. If this oc-
curs, use a fresh portion of sample for the mea-
surement after temperature equilibration has
been reached.

2.3.4 After the meter has been calibrated

and the temperature control adjusted, thor-
oughly rinse the electrodes, immerse them in
a sample, and record the observed value.

2.3.5 Rinse the electrodes well between
samples and take adequate time to obtain accu-
rate measurements (NOTE 4).

NOTE 4. Response of the pH glass electrode becomes much
slower as solutions become more weakly buffered. This
problem is magnified if a weakly buffered sample follows
a strongly buffered sample as is usually the situation for
the first sample following standardization. This “memory
effect” varies from one brand of electrode to another; con-
sequently, electrodes should be selected which minimize
this problem. -

2.3.6 Use a minimum of aeration or agita-
tion when determining the pH (Skougstad and
others, 1979). If sample is to be agitated, agi-
tate at the same rate when standardizing the
meter with the buffers.

2.3.7 Operating and measurement condi-
tions for other ion-selective procedures are de-
tailed in the analytical procedures. The re-
sponse time of electrodes increases as the con-
centration for the ion of interest decreases.
Allow adequate time for equilibrium to be
achieved to obtain an accurate reading for the
samples.

2.3.8 Check the stability of the ion-selec-
tive electrode instrument by measuring, in ran-
dom order, one of the calibration standards
after every tenth sample. If drift is indicated,
restandardize the instrument before continuing
with the analysis.

2.4 Read-out and graphical techniques

2.4.1 The pH results are read directly in
pH units. If a recorder is used, follow the man-
ufacturer’s instructions.

2.4.2 The output from other ion-selective
electrode procedures is read either on the “mV”
or “log” scales. For the “mV” mode, plot a
graph of the potential in microvolts versus con-
centration on semilong paper with the concen-
trations plotted on the logarithmic axis. Obtain
the concentrations of the ions of interest from
this graph.
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Reference Material

The use of reference material is an integral
part of any quality assurance program. For
water analyses, two types are primarily pre-
pared: ampouled concentrates and natural wat-
ers.

In the Central Laboratories System of the
U.S. Geological Survey, ampouled concentrates
are obtained from the U.S. Environmental Pro-
tection Agency, the National Bureau of Stan-
dards, and commereial sources, or are prepared
by a Geological Survey quality assurance pro-
ject which is independent of the analytical labo-
ratories. Ampouled concentrates can easily be
used to develop precision and bias data for
methods-development and methods-comparison
studies.

Reference samples with working level con-
centrations in natural water are also prepared
by the independent quality assurance project.
These samples are easily introduced into the
laboratory as blind samples since they need no
dilution. The Standard Reference Water Sam-
ple (SRWS) program has, since 1962, distri-
buted reference materials semiannually, and
has involved an increasing number of participat-
ing laboratories. In April 1978, for example, a
set of reference samples for 41 constituents was
distributed to 8 U.S. Geological Survey labora-
tories, to 50 other laboratories in the continen-
tal United States, and to 6 laboratories in
Puerto Rico, Brazil, and Saudi Arabia.

Preparation of Ampouled
Concentrates

1. Application or scope

1.1 This practice details procedures to be
followed in preparing ampouled reference mate-
rial.

1.2 Most constituents can be prepared as
ampouled concentrates and later quantitatively
diluted with either distilled or natural water to
provide a variety of matrices and concentra-
tions. The concentrates can also be used to per-
form standard-additions analysis.

2. Practice
2.1 Materials and equipment
2.1.1 Ampoules, prescored to break at a
non-painted part of the ampoules, such as
‘Wheaton 176780 or equivalent.
2.1.2 Ampoule washer, Cozzoli or equiva-
lent (NOTE 1).

NOTE 1. If an organic solvent wash is required, ampoule
‘washer must be explosion proof.

2.1.3 Automatic ampouling equipment,
Cozzoli or equivalent (NOTE 2).

NOTE 2. Ampoules may also be washed and filled by hand.

2.1.4 Oven, 105°C.
2.2 Procedure

2.2.1 Dissolve carefully weighed primary
standard(s), or equivalent quality chemicals, in
demineralized water or other solvent, and dilute
to obtain a concentrated solution which, when
further diluted, will yield the desired “working-
level” concentration (NOTE 3). Acidify or
chemically preserve the solution, if necessary.

NOTE 3. Ordinarily, the concentration of each constituent
is prepared so that an aliquot of the ampouled concentrated
solution can be diluted to 1 liter to yield working level con-
centrations. For example: dissolve x grams of iron wire
which has been cleaned in diluted HCI, rinsed and dried.
Dilute to 10,000 mL with demineralized water. Ampoule
15 mL of solution. Withdraw 10 mL of ampouled solution
and dilute to 1,000 mL with demineralized water, for a final
concentration of y p.g/L.

2.2.2 Determine the concentration of each
constituent to assure that the concentrate was
correctly prepared.
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2.2.3 Wash all ampoules with tap water
and demineralized water using ampoule washer.
If organic concentrates are being prepared, also
wash with an organic solvent.

2.2.4 Dry ampoules at 105°C for 1 hour
(NOTE 4).

NOTE 4. If organic solvent was used, air-dry ampoules be-
fore drying in an oven.

2.2.5 If automated equipment is used to
fill the ampoules, adjust settings according to
manufacturer’s instructions. Make test run(s) to

assure that dispensing and sealing alignments
are properly set.

2.2.6 Fill and seal ampoules.

2.2.7 Label ampoules, including date of
preparation.

2.2.8 Analyze sufficient samples, ran-
domly selected, to assure that correct concen-
tration is obtained (NOTE 5).

NOTE 5. Refer to the section, “Materials Evaluation,” to
determine the number of ampoules to be analyzed and use
a random numbers table (available in most statistic books)
to select which ampoules should be analyzed.



Preparation of Natural Water
Reference Material

1. Application or scope

1.1 This practice gives general procedures
to be followed in preparing reference materials
with working level concentrations of stable con-
stituents in natural water matrices.

1.2 Reference materials for major inorganic
constituents and trace metals should be pre-
pared so that they will be stable from 5 to 10
years. Reference materials for nutrient and pes-
ticide constituents are expected to be stable for
4 to 12 months.

1.3 In the U.S. Geological Survey, refer-
ence materials in natural water are prepared
at least semiannually for use in the Standard
Reference Water Sample (SRWS) program
(NOTE 1).

NOTE 1. In 1980, it is expected that each SRWS set will
consist of a major constituent sample, a trace-metal sample,
a nutrient sample, an insecticide sample, and a herbicide
sample.

2. Practice
2.1 Materials and equipment

2.1.1 Autoclave.

2.1.2 Bag, paper, rated for 12 Ib load.

2.1.3 Bag, polyethylene.

2.1.4 Bands, opaque white cellulose.

2.1.5 Bottles, l-liter Teflon for major in-
organic constituents and trace metal samples;
500-mL polyethylene for nutrient samples; 1-
liter glass, for organic samples.

2.1.6 Filter, 0.45-pm, in-line, Acroflow II
cartridge single pen-end, epoxy coated top and
bottom, Model 12611, Gelman Institute Co., or
equivalent.

2.1.7 Sterilizer, ultraviolet, flow-through
with flow-rate capacity of 6 liters per minute.

2.1.8 Hood, equipped with ultraviolet

light.
2.1.9 Oven.
2.1.10 Stirrer, polyethylene or Teflon

coated for inorganic samples; stainless steel for
organic samples.

2.1.11 Tank, of sufficient size for entire
sample; 300-gallon (1,140-liter) polyethylene for
major inorganic constituent and trace metal
samples; 55-gallon (210-liter) polyethylene for
nutrient sample; 55-gallon (210-liter) stainless
steel for organic sample.

2.2 Procedure

2.2.1 Collect sample at specified site

(NOTE 2).

NOTE 2. For SRWS sample collection, site will be specified
by the SRWS project chief. Collect a minimum of 750 gal-
lons to prepare samples to be analyzed for major inorganic
constitutents, trace metals, and nutrients.

2.2.2 Allow samples to come to room tem-
perature.

2.2.3 Filter 300 gallons (each) for major
inorganic and trace metal samples or 55 gallons
(each) for nutrient and organic samples through
0.45 micrometer filter into appropriate mixing
tank (NOTE 3). For organic samples, use a
stainless steel filter and refrigerate water after
filtration.

NOTE 3. Minimum movement of water during temperature
equilibration will aid filtration.

2.2.4 Add 1.5 g thymol to solution for
major inorganic constituents. Add 1.5 g thymol
and 2,100 mL of concentrated nitric acid to solu-
tion for trace metals. Add 10 g HgCl, + 93 g
NaCl to solution for nutrients.

2.2.5 Prepare any desired spiking solu-
tions individually in deionized water or acetone
for inorganic or organic samples, respectively.
Then slowly add, with stirring, to solution in
tank.

2.2.6 Return solution for organic refer-
ence material to refrigerator until ready to bot-
tle. Stir solution for nutrient samples overnight.
Stir solutions for major inorganic constituents
and trace-metal reference materials several
times a day for 2 to 3 days.
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2.2.7 Clean bottles.

2.2.7a For major inorganic constituent
and trace metal samples, clean at least 800 1-
liter Teflon bottles. Clean the outside thorough-
ly. Add 15 mL of concentrated HNO; (sp gr
1.41) to each bottle, fill with demineralized
water and allow to stand for 24 hours. Soak
caps in dilute HNO;. Rinse bottles and caps
three times with demineralized water. Package
two bottles per brown bag and fold top of bag
and staple. Put 20 or more caps in an autoclava-
ble plastic bag. Sterilize bottles with dry heat
at 160°C for 3 hours and sterilize caps in auto-
clave (NOTE 4).

NOTE 4. Dry sterilization will shrink caps.

2.2.7b For organic samples, clean at least
200 1-liter glass bottles. Clean the bottles thor-
oughly and rinse bottles and caps three times
with demineralized water. Heat bottles at 350°C
for 12 hours and tightly cap.

2.2.8 Bottle the sample as soon as all bot-
tles for a particular reference material are
sterilized (NOTE 5).

NOTE 5. Teflon bottles will remain sterile in the bags for
4 to 5 days.

2.2.9 For major constituent and trace
metal samples, pass the water through an in-
line, 0.45 micrometer filter and ultraviolet
sterilizer at a flow rate of less than 6 liters per
minute. Package in Teflon bottles in a hood
equipped with ultraviolet light, putting on caps
and tightening them while in the hood. Do not
refilter organic samples and do not use ul-
traviolet light for either nutrient or organic
samples.

2.2.10 Place a cellulose band around Tef-
lon caps.

2.2.11 Label each bottle “Standard Refer-
ence Water Sample No._____ "

2.2.12 Store all nutrient or organic samples
at 4°C.

Selected References

Schroder, L. J., Fishman, M. J., Friedman, L. C., and
Darlington, G. W., 1980, The use of standard reference
samples by the U.S. Geological Survey: U.S. Geological
Survey Open-File Report 80-738, 11 p.

Skougstad, M. W., and Fishman, M. J., 1975, Standard
reference water samples: Proceedings of the AWWA
Water Quality Technology Confe , D ber 1974,
p- X1X~1-XIX-6.




)

Development of Statistical
Data for Standard Reference
Water Samples

1. Application or scope

1.1 This practice describes how the inter-
laboratory statistics for the Standard Reference
Water Sample (SRWS) program are developed.
Most of the computations are handled by a com-
puter program.

1.2 The mean, average deviation, standard
deviation, range, 95 percent confidence interval
of the mean, and the percent deviation of each
value from the mean are calculated for each con-
stituent. The mean and standard deviation for
each method are also computed for each con-
stituent.

1.3 Inasmuch as the validity of the most
probable concentration of each constituent is de-
pendent upon the competence of the laborato-
ries (as well as the number of laboratories
analyzing the sample), the most probable means
and standard deviations are refined by eliminat-
ing laboratories with inferior overall ratings.

2. Practice

2.1 Reported statistics

2.1.1 Values are rounded to conform with
Geological Survey reporting policy.

2.1.2 The mean, average deviation, stan-
dard deviation, and total range are calculated
for each determination. “Less than” values are
not included. Outlying values are rejected using
the T test described in the practice “Single
operator precision” in section “Analytical
Methods Development Procedures” (T values
are listed in table Al).

2.1.3 The 95 percent confidence interval
about the mean is calculated:

CcI= iiés—% @0)

where
CI =the confidence interval
Z=mean of all unrejected values,
s=standard deviation,

n=number of values, and
t=value from Student t table at the 95 per-
cent level for the (n-1) degrees of freedom.
2.1.4 The percent deviation of each value
from the mean is calculated:

ii——x" X100 percent 1)

where
T=the mean of all unrejected values from all
laboratories, and
2;=value from one laboratory.

2.1.5 Histograms are plotted showing
each laboratory’s result (figure 4). Because the
computer program is designed to show differ-
ences in the significant figures appropriate to
the determination and to depict only 25 col-
umns, values which are very different from the
mean may not be shown in the computerized
plot.

2.1.6 The mean and standard deviation
for each method in which there are three or
more unrejected values are also calculated
(NOTE 1).

NOTE 1. After a sufficient number of reference materials
have been distributed for a constituent, these data are also
used to develop precisi t: for the analytical
methods. Usually this precision is reported as a regression
line and (or) as the relative percent standard deviation
(coefficient of variation). See practice “Interlaboratory pre-
cision” in section “Analytical Methods Development Proce-
dures.” Also see individual isi tat ts in
Skougstad and others, 1979,

2.2 Development of most probable value for
reference material.

2.2.1 All laboratories are confidentially
rated on a scale ranging from 04 that is based
upon the number of standard deviations from
the most probable mean as follows:
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2.2.2 All laboratories with an overall rat-
ing of less than 2.5 are eliminated, and the
means and standard deviations are recomputed
to determine the most probable concentration
for each constituent.
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Laboratory Quality Control

Fundamental to the quality assurance of
analytical data are quality control procedures
in the laboratory. The practices which follow
are interrelated with practices in other sections
in this manual, particularly with the sections

on “Standard Quantitative Techniques” and on
“Instrumental Techniques.” Each analyst must
be familiar with and participate in the laborato-
ry’s quality control program.

Biological Quality Control

Analysis of Aquatic Organisms
(benthic invertebrates,
phytoplankton, and periphyton)

1. Application or scope

1.1 This practice specifies some general fac-
tors which are necessary for qualitative and
quantitative measurements of aquatic biological
samples. Specifically, this practice applies to
taxonomic identification and determination of
biomass of benthic invertebrates, phyto-
plankton, and periphyton.

1.2 Refer to applicable methods in Book 5,
Chapter A4, of Techniques of Water-Resources
Investigations of the U.S. Geological Survey
(Greeson and others, 1977) and in the supple-
ment to chapter A4 (Greeson, 1979). Also refer
to other practices in this manual such as the
practice, “Required documentation and review
of data” and the practice, “Gravimetry.”

2. Practice

2.1 Collection and preservation

2.1.1 In general, collect samples from
downstream to upstream. When using a sieving
device to collect benthic invertebrates, for ex-
ample, stand in the downstream side and take
samples in an upstream or a lateral direction
(Tracor Jitco, Inc., 1978).

2.1.2 Collect samples at a depth appropri-
ate to the object of the study; in order to lessen
the chance of collecting terrestrial insects, col-
lect samples from below the surface. To collect
periphyton, be sure substrates are submerged
(NOTE 1).

NOTE 1. Because of the amount of time needed to collect
a periphyton sample and because of possible fluctuations
in water levels, possibility of vandalism, and so forth, it
is recommended that four replicate substrates be taken and
duplicate samplers used (Tracor Jitco, Inc., 1978).

2.1.3 Prepare and use a formaldehyde-
cupric sulfate solution or Lugol’s solution to
preserve phytoplankton and periphyton samples
which are collected for taxonomic identification.
Use ethyl alcohol or isopropyl aleohol to pre-
serve benthic invertebrate samples collected for
taxonomic identification; do not use formal-
dehyde (Greeson and others, 1977). If possible,
freeze samples collected for the determination
of biomass instead of using a chemical preserva-
tive (NOTE 2).

NOTE 2. All samples collected for a particular determina-
tion as part of a specific study should be preserved in a
similar fashion and the method of preservation should be
clearly documented.

2.1.4 1In preserving benthic invertebrates,
fill containers almost to the top (half of volume
in container should be preservative) to avoid
damage to specimens during transport. If un-
sorted samples are to be stored for more than
a few weeks, drain preservative and replace
with fresh preservative after a week (Greeson
and others, 1977).

2.1.5 Label container with pertinent in-
formation including date, time, location, volume
or area of sample, name of collector, preserva-
tive, and mesh or sieve size. If a sample is
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sorted into categories (either in the field or in
the laboratory), include the total number of con-
tainers per sample and the name of the sorter
on the label; keep the sample together as a unit.
2.2 Calibration and measurement

2.2.1 Calibrate new microscopes or a
microscope which has not been used for several
months using an optical reticle and stage micro-
meter.

2.2.2 After every use, clean optics and
stage of microscope with lens paper.

2.2.3 Check temperature of oven prior to
each use to make sure it is correct (NOTE 3).

NOTE 3. The setting on the outside may be incorrect and
not reflect the actual temperature in the oven. The ther-
mometer, rather than the setting, must be read.

2.2.4 Carefully maintain records of dilu-
tion or concentration, if either is necessary, and
apply the appropriate dilution or concentration
factor in reporting analyses. When concentrat-
ing a phytoplankton sample, be careful that it
has settled sufficiently before siphoning the
supernatant liquid since different shapes and
sizes of particles will have different sedimenta-
tion rates (Tracor Jitco, Inc., 1978); in general,
allow the sample to sit undisturbed for 4 hours
per centimenter of depth before siphoning the
supernatant liquid (Greeson and others, 1977).

2.2.5 For sorting benthic invertebrates,
consider use of the optional procedures (density
separation, differential staining, and (or) sub-
sampling) specified in the analytical procedure
(see Greeson and others, 1977).

2.2.6 For phytoplankton or periphyton,
use the magnification specified in the analytical
procedure. Count, in randomly chosen fields,
the minimum number of organisms or minimum
number of fields specified in the procedure. In
counting, enumerate all forms wholly within the
grid boundaries and all forms which intersect
two adjacent grid borders, but not those inter-
secting the opposite two borders (see Greeson
and others, 1977, and Greeson, 1979).

2.2.7 Be sure taxonomic references are
adequate and are readily available to each
analyst. Consult references if taxonomy identifi-
cation is uncertain.

2.2.8 Develop and maintain an “in-house”
reference specimen collection.

2.2.9 Consult with outside taxonomic ex-
perts on unusual specimens to confirm or pro-
vide identification.

2.3 Calibration checks

2.3.1 Using an optical reticle and stage
micrometer, recalibrate each microscope at
least semiannually. Record the date of calibra-
tion in a notebook kept near the microscope.

2.3.2 Check calibration of oven ther-
mometer with a U.S. National Bureau of Stan-
dards certified themometer at least every 3
months. Record date checked in a notebook
kept near the oven.

2.3.3 Check calibration of analytical bal-
ance at least every 3 months using Class S
weights. Record date of calibration check in a
notebook kept near the balance. If recalibration
is necessary, consult the manufacturer’s direc-
tions.

2.3.4 For taxonomic identification, have
every 20th slide checked by another analyst.
Preferably, the analyst should be from another
laboratory.
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Bacteriological Analysis

1. Application or scope
1.1 This practice applies to the measure-
ment of bacteria in water (for example, the
measurement of total or fecal coliform bacteria).
1.2 Refer to applicable methods in Book 5,
Chapter A4 of Techniques of Water-Resources
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Investigations of the U.S. Geological Survey
(Greeson and others, 1977) and in the supple-
ment to chapter A4 (Greeson, 1979).
2. Practice
2.1 Preparation of reagents

2.1.1 Use demineralized water free from
traces of dissolved metals, nutrients, residual
chlorine, and other bactericidal compounds.
Test demineralized water semiannually to de-
termine if it contains substances which are toxic
to bacteria or which will stimulate the growth
of bacteria (NOTE 1). Record dates and results
of the tests.

NOTE 1. The test procedure and specifications are de-
seribed in Standard Methods (American Public Health As-
sociation and others, 1976) and in the U.S. Environmental
Protection Agency EPA-600/8-78-077 (Bordner and
Winter, 1978). As noted in the latter publication, the test
is “. . . a complex method that requires skill and experience,
(and) is very sensitive to toxicants . . .”

2.1.2 Follow directions specified in the
analytical method for the preparation of all rea-
gents. Record date of preparation in notebook
and on container.

2.1.3 Follow storage requirements, in-
cluding refrigerating or storing in dark,
specified in the method. Do not exceed
maximum allowable storage times.

2.1.4 Keep a record of each bottle of
media including its lot number, date of receipt,
date of opening bottle, and date of expiration
(NOTE 2).

NOTE 2. The U.S. Environmental Protection Agency rec-
ommends that, as a general “storage of unopened
bottles of cultural media (be limited) to 2 years” (Bordner
and Winter, 1978).

2.1.5 When preparing a new batch of
media, indicate in notebook the number of tubes
or plates prepared, date of preparation, bottle
lot number, and name of preparer. Be ex-
tremely careful not to overheat media. Test 5
percent of noninhibitory media by overnight in-
cubation at 35°C. Discard the entire batch if two
out of five plates show contamination (McClel-
land and others, 1978).

2.1.6 Check each set of washed glassware
for acid or alkaline residue by adding a few
drops of a 0.04 percent solution of bromothymol
blue indicator to a few pieces, randomly chosen

from the set (Bordner and Winter, 1978). The
indicator will show a yellow color at pH less
than 6.2 and blue at pH greater than 7.6 (Dean,
1973).

2.2 Calibration and measurement

2.2.1 Temperature is critical to bac-
teriological tests. At least quarterly, check
calibration of thermometer(s) against a U.S.
National Bureau of Standards certified ther-
mometer. Record the date checked.

2.2.2 Follow sterilization procedures
specified in the method. Once a week or with
every batch, whichever is less frequent, include
in autoclave load a sterilization indicator (such
as a Diack control ampoule or Sterilometer
tape). Place indicator in center of load. Record
date and result of indicator test. If sterilization
is shown to be incomplete, locate problem and
correct.

2.2.3 When in use, daily check the tem-
perature of all water baths and incubators upon
first opening. Temperature must be within
limits specified in the method. Record daily
temperature.

2.2.4 As noted in Greeson and others
(1977), when determining total coliform bacteria
by the most probable number method (B-0035-
77), check broth in inverted tubes for air bub-
bles before use. Discard any tubes which con-
tain a bubble.

2.2.5 Prior to use, check each batch of
medium by inoculating two tubes or plates with
pure cultures of organisms which will produce
positive or negative reactions (Bordner and
Winter, 1978). See table 7 for organisms which
can be used.

2.2.6 Weekly or the day before use,
whichever is less frequent, check phosphate
buffer dilution water for sterility. Follow
method B-0030-77, Total Coliform Bacteria
(Membrane Filter Method) from Greeson and
others (1977), after selecting three bottles of
buffer at random and filtering. Record all infor-
mation, including date, in notebook. If any plate
shows a count greater than 2 colonies/mL, re-
sterilize all buffer water prepared on same date
(McClellend and others, 1978).

2.3 Calibration checks

2.3.1 Monthly, test a pure culture known
to give positive results. Record data in
notebook.
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Table 7.—Cultures for use in testing medio®

Medium

Control cultures

Expected results

M-Endo MF broth
or agar

M-FC broth
or agar

Brilliant green bile
lactose broth

Lauryl tryptose
broth

Levine's eosin
methylene blue agar

Xylose lysine
Desoxycholate agar
(XLD)

Bismuth sulfite agar

Brilliant green agar

KF streptococcus agar

PSE agar

Escherichia coli
Enterobacter aerogenes
Achromobacter species
Pseudomonas species
Salmonella species

Escherichia coli
Klebsiella pneumoniae
Enterobacter aerogenes

Escherichia coli
Enterobacter aerogenes
Citrobacter freundii
Staphylococcus aureus

Escherichia coli
Enterobacter aerogenes
Salmonella typhimurium
Staphylococcus aureus

Escherichia coli

Enterobacter aerogenes
Citrobacter freundii
Salomnella species
Klebsiella species

Salmonella species
Klebsiella species
Escherichia coli
Enterobacter aerogenes

Salmonella typhosa

Other Salmonella species
Coliforms

Salmonella species

Escherichia coli
Proteus wulgaris

Streptococcus faecalis
Streptococcus pyogenes
Straphylococcus aureus
Escherichia coli

Streptococcus faecalis
Escherichia coli
Straphylococcus aureus

Golden green metallic sheen.
Red colonies.
Do.
Red colonies if medium is overheated.
Blue colonies.
Do.
No growth.

Growth with gas.
Do.
Do.

No growth.

Growth with gas.

0.
Marked to complete inhibition.
Do.

Nucleated black colonies with
golden green metallic sheen.
Pink colonies with dark centers.
Colorless colonies.

Large brown mucoid colonies.

Red colonies, to red with black centers.
Yellow colonies.

Do.

Do.

Black colony with black or brownish-
black zone, with or without sheen.
Raised green colonies.

Green colonies.

Pink-white opaque colonies surrounded
by brilliant red zone.

Inhibition or yellow green colonies.
Marked to complete inhibition or red
colonies.

Pink to red colonies.
No growth.

Do.

Do.

Black colonies.
No growth.
Do.

i/‘l'able is modified from Bordner, Robert, and Winter, John, 1978, Microbiological methods for
monitoring the environment, water and wastes: U.S. Environmental Protection Agency EPA-600/8-
78-017, Cincinnati, p. 220-221. (
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2.3.2 Carry along a blank with each set
of analyses. Blank should not show contamina-
tion.

2.3.3 Run every 20th sample in duplicate.

2.3.4 Confirm every 10th sample by hav-
ing another analyst count colonies.

2.3.5 Record data from blank, duplicates,
and recounts in a notebook, along with a date
of analysis and identification of samples
analyzed.

2.3.6 Prepare and use quality control
chart (see practice “Quality control charts”).

2.3.7 Within 24 hours of membrane filter-
ing, confirm coliform colonies by using method
B-0045-77, and confirm fecal streptococcal bac-
teria by using method B-0060-77 (Greeson and
others, 1977).
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Inorganic Quality Control

Atomic Absorption Analysis

1. Application or scope

1.1 This practice applies to the determina-
tion of constituents by atomic absorption spec-
trometry.

1.2 The practice “Atomic absorption spec-
trometers,” in the section “Instrumental Tech-
niques” and the applicable analytical procedures
in Book 5, Chapter Al of Techniques of Water-
Resources Investigations of the U.S. Geological
Survey (Skougstad and others, 1979) should be
referred to.

2. Practice

2.1 Preparation of standards, blanks, and

reagents

2.1.1 Prepare a stock solution and inter-
mediate standards as specified in the analytical
procedure. Intermediate standards should be
prepared bimonthly (and dated) or at time in-
tervals specified in the analytical procedure.

2.1.2 Prepare reagents, if any, as
specified in the analytical procedure. If rea-
gents deteriorate with age, prepare fresh daily
or at time intervals specified in the method.

2.1.3 Prepare working standards and rea-
gent blank, if any. Add all reagents which will
be added to the samples. Extract standards and
blanks if samples will be extracted. A minimum
of five standards, equally spaced over the
analytical range, should be prepared. In gen-
eral, prepare working-level standards fresh
each day.

2.2, Calibration and measurement

2.2.1 Adjust lamp current and aline lamp.

2.2.2 Adjust wavelength as specified in
the analytical procedure and set the gain and
slit width.

2.2.3 Adjust compressed gas regulators to
achieve correct type of flame.

2.2.4 Aline burner.

2.2.5 Adjust nebulizer if necessary.

2.2.6 If the system has been automated
with a sampler and pump, check pump tubing
to make sure it is in good condition.

2.2.7 Aspirate a blank and adjust elec-
tronics, including recorder or digital read-out
to read zero.

2.2.8 Aspirate a standard known to give
a 0.2 to 0.6 absorbance and known to be within
the linear portion of the analytical range. Keep
a record of the sensitivity of each element for
each instrument. A significant change (=10 per-
cent) from previous results indicates that a
problem exists which must be corrected.

2.2.9 Determine the concentration of the
five standards, aspirating the solvent between
each sample. If a direct-concentration read-out
is used, the instrument is set with one stan-
dard, usually the highest, and the concentration
in the other standards determined; concentra-
tions must agree with their theoretical concen-
tration or analyses discontinued until it is deter-
mined why they do not and until corrections
are made.

2.2.10 Aspirate samples with solvent aspi-
rated between each sample (NOTE 1).

NOTE 1. Demineralized water (or solvent such as methyl
isobutyl ketone) is not to be considered the reagent blank
unless no reagents have been added to standards and sam-
ples.

2.2.11 If concentrations of samples are
outside of those specified as the range in the
analytical procedure, dilute or run by an alter-
native procedure.

2.2.12 Use a standard addition technique
when interferences cannot be avoided or are un-
known. Use standard additions for all flameless
and electrothermal-vaporization methods.

2.3 Calibration checks

2.3.1 Insert, in random order, a standard
or reagent blank at every seventh or eighth
sample or as specified in the method.

2.3.2 If there is a difference of over 2 per-
cent from the initial readings or if there is
noticeable baseline drift, recalibrate the instru-
ment and reanalyze all samples that were
analyzed after the last acceptable calibration
check.

%
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2.3.3 Use a standard reference material
as the first sample to be analyzed and as every
twentieth sample thereafter. The value for the
reference material should fall within 1.5 stan-
dard deviation of the theoretical value. If it
does not, the reason for the discrepancy must
be determined and corrected and the concentra-
tion of all samples from the last “good” refer-
ence value should be reanalyzed.

2.3.4 Record reference sample values in
a notebook, preferably kept near the instru-
ment, along with the date of analysis. Also re-
cord the laboratory-assigned log-in numbers of
all samples included in the set analyzed.

2.3.5 Plot values on a quality control
chart as outlined in the practice “Quality control
charts.” If a bias appears to be developing in
the results (for example, all reference sample
results are greater than the theoretical), correct
for it before continuing.

Reference

Skougstad, M. W., Fishman, M. J., Friedman, L. C,,
Erdmann, D. E., and Duncan, S. S., eds., 1979,

Methods for determi of inorganic sub in
water and fluvial sediments: U.S. Geological Survey
Techni of Water-R Investigations, Book 5,
Chapter Al, 626 p.

Automated Colorimetric or
Potentiometric Analysis

1. Application or scope

1.1 This practice applies to analyses, using
the Technicon AutoAnalyzer, of samples in
which the constituent of interest forms a unique
colored complex with the reagent used.

1.2 This practice is also applicable to auto-
mated potentiometric analyses (such as
fluoride). If specific conductance or pH are to
be measured, refer to the practice “Inorganic
quality econtrol: automated measurements of
specific conduetance and pH.”

1.3 Refer also to the practice “Automated
analyzers” in the section “Instrumental Tech-
niques,” and the applicable analytical proce-
dures in Book 5, Chapter Al of Techniques of
Water-Resources Investigations of the U.S.
Geological Survey (Skougstad and others,
1979).

2. Practice
2.1 Preparation of standards, blanks, and
reagents

2.1.1 Prepare a stock solution and inter-
mediate standards as specified in the analytical
method. Intermediate standards should be pre-
pared at least bimonthly (and dated), or at time
intervals specified in the analytical method.

2.1.2 Prepare reagents, if any, as
specified in the analytical method. Prepare
fresh daily, or at time intervals specified in the
method, all reagents which deteriorate with
age.

2.1.3 Prepare a minimum of five working-
level standards, spaced evenly over the analyti-
cal range. If there is evidence of instability,
working-level standards should be prepared
fresh daily, or at time intervals specified in the
method.

2.2 Calibration and measurement

2.2.1 Set up the manifold as specified in
the appropriate analytical procedure. Select
proper flow-cell length, sampling rate, sample-
to-wash ratio, and heating bath temperature (if
a heating bath is part of the manifold) as
specified in the analytical procedure.

2.22 Check manifold tubing and
glassware to make sure that they are clean and
free of leaks, and that pump tubes are taut.
Replace limp tubing.

2.2.3 Set wavelength, with the appropri-
ate filter, as specified in the analytical proce-
dure and allow colorimeter or potentiometer to
warm up and stabilize (NOTE 1).

NOTE 1. Stabilization usually will take 20 to 60 minutes.

2.2.4 Set indicator control to zero and see
if recorder reads zero; then set indicator control
to full and see if recorder reads 100. For ion-
selective electrodes (for example, for fluoride),
set control to “Cal 1” and see if recorder reads
zero; then set control to “Cal 2” and see if re-
corder reads 50. Adjust recorder if it does not
give correct response (see practice “Automated
analyzers”).

2.2.5 With all reagents being pumped,
with wash solution in the sample line, and after
the chart recorder shows a stable reading indi-
cating that the system has reached equilibrium,
set the baseline of the recorder to read zero



QUALITY ASSURANCE PRACTICES FOR ANALYSES OF WATER AND FLUVIAL SEDIMENTS 7

or to a positive value if specified in the analyti-
cal method; the printer should give a reading
similar to that of the recorder.

2.2.6 If the AutoAnalyzer is linked to and
controlled by a computer system, activate the
interface connection which links the colorimeter
to the computer system. Follow any special in-
structions related to the computer (such as in-
itially setting the colorimeter at full scale and
then at normal operating conditions) (NOTE 2).

NOTE 2. Once control is turned over to the computer sys-
tem, only minor adjustments may be made to Technicon
equipment without restarting the entire analysis. No ad-
justment may be made without supervisor’s knowledge.

2.2.7 Rinse the sample cups (NOTE 3).

NOTE 3. Keep sample cups sealed until ready to use and
rinse immediately before use. If chloride is to be deter-
mined, avoid contamination of the cups with perspiration
from hands; thin gloves are recommended.

2.2.8 Place a complete set of standards
(minimum five) in the sampler.

2.2.9 For routine use of the Technicon
AutoAnalyzer, place standards in descending
order, beginning with the highest standard and
ending with a blank (NOTE 4).

NOTE 4. The following scheme has been found to be helpfal
in setting up the first sample tray: highest standard, blank,
highest standard, blank, all standards in decreasing order
of concentration, two blanks. This scheme enables the
analyst to adjust instrumental controls and to check that
adjustment, and to rezero the printer and (or) recorder
using the Jast blank.

2.2.9a If the AutoAnalyzer is linked to
and controlled by a computer system, set up
the tray as follows: three high standards, two
blanks, all of the standards in ascending order,
and two blanks (NOTE 5).

NOTE 5. Be sure that the computerized tray pattern cor-
rectly identifies the standards, blanks, and samples.

2.2.10 As the first standard is read, ad-
just the “STD CAL” control on the colorimeter
so that the flat portion of the peak reads full
scale. When the peak is at maximum, press the
start print button on the printer.

2.2.11 Use subsequent high standards to
check the adjustment and “fine tune” the sys-
tem.

2.2.12 Keep a record of the STD CAL set-
ting for each constituent for each instrument.
A significant change (=10 percent) from previ-
ous results indicates that a problem exists
which must be determined and corrected before
proceeding (NOTE 6).

NOTE 6. This problem may be instrumental or it may be
chemical (for example, a reagent has deteriorated or stan-
dards have been incorrectly prepared.)

2.2.13 Record and compare the results for
the rest of the set of standards (that is for all
of the standards except the initial one(s) used
to adjust the STD CAL control) with those ob-
tained previously. If they differ significantly
(over 5 percent), a problem exists which must
be determined and corrected before proceeding
(NOTE 7).

NOTE 7. If a computerized system is used, the computer
will make any curve corrections and will print out the calcu-
lated concentration of the standards; in this case, check to
see if the concentration is within 5 percent of the theoretical
value (rather than comparing previous results). The com-
puter will also print a “CD” (correlation coefficient of the
determination or +%) value; if this value is not 0.9 or great-
er, a problem exists which must be determined and cor-
rected before proceeding.

2.2.14 Analyze samples. If concentrations
are outside those specified as the range in the
analytical method, dilute or determine by an al-
ternative procedure. If a computerized system
is used, dilute to the amount specified by the
computer and place the dilution in the tray at
the location specified by the computer.

2.2.15 If interferences cannot be avoided,
use a standard addition technique or select an
alternative procedure.

2.2.16 If color is an interference, it may
be possible to compensate for it by subtracting
the concentration obtained when all reagents
except the indicator reagent are used, or by
using a bleaching or adsorption procedure. (See
the section on “Instrumental Techniques.”)

2.3 Calibration checks

2.3.1 Insert in random order a standard
or reagent blank at every seventh or eighth
sample or as specified in the analytical method.

2.3.2 1If there is a difference of over 2 per-
cent from the initial readings or if there is
noticeable baseline drift, recalibrate the instru-
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ment and reanalyze all samples analyzed after
the last acceptable calibration check.

2.3.3 Use a standard reference material
as the first sample to be analyzed and as every
twentieth sample thereafter. The reference ma-
terial should fall within 1.5 standard deviations
of the theoretical value. If it does not, deter-
mine the reason for the discrepancy, make nec-
essary corrections, and remeasure the concen-
tration of all samples from the last “good” refer-
ence value.

2.3.4 Record determined reference sam-
ple values, along with the expected value and
date of analysis. Also record the laboratory-as-
signed log-in numbers of all samples run in the
set.

2.3.5 Plot values on a quality control
chart as outlined in the practice “Quality con-
trol charts.” If a bias appears to be developing
in the results (for example, all reference sample
results are greater than the theoretical), correct
for it before continuing.

Reference

Skougstad, M. W., Fishman, M. J., Friedman, L. C.,
Erdmann, D. E., and Duncan, S. S., eds., 1979,
Methods for determination of inorganic substances in
water and fluvial sediments: U.S. Geological Survey
Techniques of Water-Resources Investigations, Book 5,
Chapter Al, 626 p.

Avutomated Measurement of
Specific Conductance and pH

1. Application or scope

1.1 This practice applies to automated mea-
surements of specific conductance and pH. The
pH system uses a Technicon printer and record-
er while the conductivity system employs a spe-
cially designed printer used in conjunction with
a conductivity bridge. Both use a “flow-
through” cell.

1.2 Refer to practices “Potentiometers,”
“Conductivity meters,” and “Automated wet-
chemical analyzers” in the section “Instrumen-
tal Techniques.” Refer also to analytical
methods 1-1586-78 and I-1780-78 (“pH, elec-
trometric, glass electrode” and “Specific con-
ductance, electrometric, wheatstone bridge”) in
Skougstad and others (1979).

2. Practice
2.1 Preparation of standards and buffers

2.1.1 Prepare a minimum of three stan-
dards for specific conductance: 0.00702 N KCl
(1,000 pmho/em at 25°C), 0.02 N KCl (2,767
pmho/em at 25°C), and 0.1 N KCl (12,900 p.mho/
em at 25°C). See method 1-1780-78 and also see
Standard Methods (American Public Health As-
sociation and others, 1975).

2.1.2 Check the new KCl solutions against
previous KCl standard solutions. If conduc-
tances of new and old solutions are different,
check both solutions against a third solution
(prepared by another analyst).

2.1.3 Prepare a minimum of three buffer
solutions as specified in method 1-1586-78. Date
the solutions and prepare fresh every 3 months
or when noticeable discoloration or deteriora-
tion of a buffer occurs (NOTE 1).

NOTE 1. Prepared buffer solutions or buffer concentrates

are available from chemical and instr 1 suppliers.

2.2 Calibration and measurement

2.2.1 Set up the manifold, check tubing,
and glassware to make sure that they are clean
and free of leaks and that pump tubes are taut.
Replace limp tubing.

2.2.2 With wash solution being pumped
through the sample line, allow the instruments
to warm up and stabilize (usually 60 minutes).

2.2.3 1In order to adjust the recorder and
printer for pH, and the printer and bridge for
conductance, to calibrate the system, and to
check the accuracy of the determination, set up
the first sample tray in the following manner:
1,000-pmho conductance standard, 1,000-pmho
conductance standard, 12,900-pmho condue-
tance standard, blank, 2,767-pmho conductance
standard, 12,900-pmho conductance standard,
blank, 2,767-pumho conductance standard, pH 4
buffer, pH 4 buffer, pH 7 buffer, blank, pH 9
buffer, blank, 3 reference materials, and sam-
ples.

2.2.4 Turn on the conductance system
printer and start up the sampler. When the
sampler is turned on, press the reset button
on the printer. Watch the timer; when it reads
45 seconds, press the reset button on the
printer again. Then press the event counter
reset button to set the counter.

C
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2.2.5 Calibrate the conductance system by
adjusting the printer to read 1,000 with the
temperature control knob on the conductivity
bridge (after the first 1,000-pmho standard trig-
gers the conductivity printer, wait 5 seconds
and press the start-print button on the pH
printer.) Adjust the printer to read 12,900 with
the “span” control knob on the conductivity
printer. Finally, adjust the printer to read 2,767
with the “offset” control knob on the conductiv-
ity printer.

2.2.6 Calibrate the pH system with the
various standards. For the pH 4 standard, use
the baseline control on the potentiometer; for
the pH 7 standard, use the STD CAL control
on the potentiometer.

2.2.7 If, at any time, the system cannot
be calibrated following the procedures outlined
above, do not proceed further. The problem
may be instrumental and (or) chemical; deter-
mine its cause, correct it, and start again.

2.3 Calibration checks

2.3.1 Analyze a blank, 1,000-pmho con-
ductance standard, and two pH buffers after
every 20 samples.

2.3.2 1If there is a difference of over 2 per-
cent from the initial readings or if there is a
noticeable baseline drift, recalibrate the instru-
ment and reanalyze all samples that were
analyzed after the last acceptable calibration
check.

2.3.3 As indicated in paragraph 2.2.3, use
three reference materials as the first three sam-
ples to be analyzed. Also use at least one refer-
ence material either as every 20th sample or
immediately after the required standards in
paragraph 2.3.1 (that is, either before or after
the standards).

2.3.4 The reference material values
should fall within 1.5 standard deviations of the
theoretical value. If they do not, determine the
reason for the discrepancy, make necessary cor-
rections, and remeasure the concentration of all
samples since the last “good” reference value.

2.3.5 Record reference sample values,
along with the expected value and date of anal-
ysis. Also record the laboratory-assigned log-in
numbers of all samples run in the set.

2.3.6 Plot values on a quality control
chart as outlined in the practice “Quality con-
trol charts.” If a bias appears to be developing

in the results (for example, all reference sample
results are greater than the theoretical), correct
it before continuing.

2.3.7 At the end of each day’s analyses,
remeasure the specific conductance and pH of
every 30th (nonreference) samples.

2.3.8 Record duplicate sample values
along with their lab identification number and
date of analysis.

2.3.9 Plot duplicate values on a quality
control chart as outlined in the practice “Quality
control charts.” If differences are greater than
warning limits, determine and correct the prob-
lem before continuing to make analyses. If dif-
ferences are greater than control limits,
reanalyze the appropriate portion, or all, of the
samples.
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Colorimetric Analysis

1. Application

1.1 This practice applies to the analysis of
samples in which a spectrometer is used to
measure a unique colored complex formed be-
tween the constituent of interest and an appro-
priate reagent.

1.2 The practice “Inorganic quality control:
automated colorimetric or potentiometric analy-
sis,” should be used instead of this one if the
colored complexes are to be measured using the
Technicon AutoAnalyzer.

1.3 Refer also to the practice “Colorimetric
spectrometers,” in the section “Instrumental
Techniques” and the applicable methods in Book
5, Chapter Al, of Techniques of Water-Re-
sources Investigations of the U.S. Geological
Survey (Skougstad and others, 1979).
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2. Practice
2,1 Preparation of standards, blanks and
reagents

2.1.1 Prepare a stock solution and inter-
mediate standards as specified in the analytical
method. Intermediate standards should be pre-
pared bimonthly (and dated) or at time intervals
specified in the analytical method.

2.1.2 Prepare reagents, if any, as
specified in the analytical method. If reagents
deteriorate with age, prepare fresh daily, or at
time intervals specified in the method.

2.1.3 Prepare working standards and rea-
gent blank, if any. Add all reagents which will
be added to the sample. Prepare a minimum
of four standards, evenly spaced over the

. analytical range. If there is any evidence of in-
stability, prepare all working-level standards
fresh daily, or at time intervals specified in the
method.

2.2 Calibration and measurement

2.2.1 Check light source and cell holder
alignment as necessary (see practice “Col-
orimetric spectrometers” in section “Instrumen-
tal Techniques”).

2.2.2 Check wavelength calibration every
six months (see practice "Colorimetric spec-
trometers,” in section “Instrumental Tech-
niques”).

2.2.3 Set wavelength as specified in the
method.

2.2.4 Transfer the reagent blank to the
cell and set spectrometer to zero absorbance.
Record slit width.

2.2.5 Transfer standards to cells and re-
cord absorbance.

2.2.6 Keep a record of slit width and ab-
sorbance of each element for each instrument.
A significant change (=10 percent) from previ-
ous results indicates that a problem exists
which must be corrected. This problem may be
instrumental (for example, the cell holder is out
of alinement) or chemical (for example, a rea-
gent has deteriorated or standards have been
incorrectly prepared).

2.2.7 Analyze samples. If concentrations
are outside those specified as the analytical
range in the procedure, dilute or run by an al-
ternative procedure.

2.2.8 If interferences cannot be avoided,

use a standard addition technique or select an
alternative procedure.

2.2.9 If color is an interference, it may be
possible to compensate for it by using a sample
containing all reagents except the indicator rea-
gent or by using a bleaching or adsorption pro-
cedure (see section, “Instrumental Tech-
niques”).

2.3 Calibration checks

2.3.1 Read a blank and, if the color com-
plex is stable, read in random order a standard
after every 10th sample. If the color complex
is unstable, sufficient standards must be pre-
pared in the order in which they will be read,
so that a standard can be inserted after every
10th sample.

2.3.2 If there is a difference of over 2 per-
cent from the initial readings or if there is
noticeable baseline drift, recalibrate the instru-
ment and reanalyze all samples analyzed since
the last acceptable calibration check.

2.3.3 For chemical oxygen demand and
cyanide, analyze every 10th sample, in dupli-
cate.

2.3.4 When determining boron, bromide,
iodide and vanadium, repeat the analysis of
every 10th sample either by diluting and using
half the original concentration or by spiking
with a standard to give double the original con-
centration.

2.3.5 Record the values in a notebook,
along with date of analyses and the laboratory-
assigned log-in numbers of all samples run in
the set.

2.3.6 Plot values on a quality control
chart as outlined in the practice “Quality con-
trol charts.” If values exceed control limits or
if a bias appears to be developing in the results,
correct the problem before continuing.
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Determination of Color or Turbidity

1. Application

1.1 This practice applies to the measure-
ment of color and turbidity.

1.2 Refer also to methods I-1250-78,
“Color, electrometrie, visual comparision,” and
1-3860-78, “Turbidity, nephlometric,” in
Skougstad and others (1979).

2. Practice
2.1 Preparation of standards
2.1.1 Prepare turbidity suspensions as
specified in method I-3860-78. The working-
level concentration (40 NTU) must be prepared
fresh weekly (NOTE 1).

PR

NOTE 1. Sealed susp are also
from the instrument manufacturer.

usually

2.2 Calibration and measurement

2.2.1 Measure color in color comparator
and turbidity in turbidimeter. Be careful not to
entrap bubbles in the glass tubes.

2.2.2 Follow the manufacturer’s operating
instructions in calibrating the turbidimeter.
Prepare a calibration graph for each range of
the instrument (unless a precalibrated scale is
supplied) as specified in method I-3860-78.

2.3 Calibration checks

2.3.1 At the end of every set of samples,
rerun every tenth sample. If possible, use a
fresh portion of the sample.

2.3.2 Record duplicate values in a
notebook along with the date of analysis and
the laboratory-assigned log-in numbers of all
samples in the set.

2.3.3 Plot control charts (see practice
“Quality control charts”).
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Determination of pH

1. Application or scope

1.1 This practice applies to field and non-au-
tomated laboratory measurements of pH.

1.2 Refer also to the practice “Potentiomet-
ers,” in the section “Instrumental Techniques,”
to method [-1586-78, “pH, electrometric, glass
electrode” in Skougstad and others (1979), and
to Water-Supply Paper 1535-H (Barnes, 1964).
2. Practice

2.1 Preparation of buffers

2.1.1 Prepare a minimum of three buffer
solutions as specified in method I-1586-78
(NOTE 1).

NOTE 1. Prepared buffer or buffer ates
are available from instrument and chemical manufacturers.

2.1.2 Date all buffer solutions and prepare
fresh every 3 months or when noticeable discol-
oration or deterioration occurs.

2.2 Calibration and measurement

2.2.1 Check electrodes visually for
scratches or cracks and to see if they are filled
sufficiently. Check connections between elec-
trodes and meter.

2.2.2 Insert the electrodes in a pH 7.00
buffer.

2.2.3 Measure the temperature and adjust
the temperature control.

2.2.4 Adjust the meter reading to give
the correct pH value. Check the millivolt scale
to be sure the electrode gives a reading that
is 010 mV. ’

2.2.5 After rinsing the electrodes thor-
oughly, insert them in a second buffer. If the
reading is over 0.1 pH unit from its theoretical
value, adjust the “slope adjustment,” if the
meter is equipped with one. If the slope adjust-
ment is changed, always go back and recheck
the first reading.

2.2.6 If it is known that the pH values
of all samples will fall between the two buffers,
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the use of a third buffer is unnecessary. In most
cases, however, the third buffer should also be
used in calibration. All three buffers should
read correctly if meter and electrodes are in
good condition.

2.2.7 Rinse the electrodes thoroughly be-
tween samples and between buffers (NOTE 2).

NOTE 2. 1t is relatively easy to contaminate a sample or
a buffer of high pH with a low pH buffer. A pH of 9 indi-
cates 10 hydrogen ions while a pH of 4 indicates 10 hy-
drogen ions (or 100,000 times the pH 9 hydrogen ion concen-
tration). Electrodes should be rinsed using portions of the
solution to be measured; particular care should be used in
rinsing before measuring a sample which has a specific con-
ductance of less than 50 wmho.

2.2.8 Be sure to calibrate the meter under
the same agitation conditions that samples are
to be read.

2.2.9 Measure the temperature of each
sample. The sample temperature must not dif-
fer from that of the buffer by more than 5°C.

2.2.10 Begin pH measurements (NOTE 3).

NOTE 3. In measuring the pH of ground water, the well
must be pumped until readings are stable. Similarly, care
must be taken to achieve stable readings in measuring the
pH of samples that have a specific conductance less than
50 wmho (such as precipitation samples).

2.3. Calibration checks
2.3.1 Check the calibration of the instru-
ment at least every 3 hours with buffer solu-
tions (NOTE 4). Record the readings in a
notebook. Include the date and time of initial
calibration and of the calibration checks.

NOTE 4. In the case of most field work, meter should be
recalibrated with every site change.

2.3.2 If there has been a noticeable (>.02
pH units) shift in the readings for the buffers,
recalibrate the instrument and measure the pH
of all samples back to where the shift occurred
(Wood, 1976).

2.8.3 Use a reference material as the first
sample to be analyzed and as every 30th sample
thereafter. The reference material should fall
within 1.5 standard deviations of the theoretical
value. If it does not, the reason for the discre-
pancy should be determined and corrected and
the pH of all samples from the last “good” refer-
ence value should be remeasured.

2.3.4 Record reference sample values,
along with the expected value. Also record the
laboratory-assigned log-in numbers (or sample
identification numbers for ements made
in the field) of all samples analyzed.

2.3.5 At the end of each set of measure-
ments, recheck the pH of every 20th sample.
If the set consists of less than 20th analyses,
recheck the pH of the first nonreference sample
at the end of the set.

2.3.6 Record the duplicate values, in a
notebook, along with the date of analysis and
all laboratory-assigned log-in numbers of sam-
ples run in the set.

2.3.7 Plot values on quality control charts
as outlined in the practice “Quality control
charts.” If values exceed control limits or if a
bias appears to be developing in the results (for
example, all reference sample results are great-
er than the theoretical), correct for it before
continuing.
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Determination of Solids Concentration

1. Application

1.1 This practice applies to the gravimetric
determination of dissolved, suspended, total,
and volatile solids concentration.

C
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1.2 Refer to practices “Gravimetry,” and
“Analytical balances,” in the sections on “Stan-
dard Quantitative Analysis Techniques,” and
“Instrumental Techniques,” respectively, and to
the applicable analytical methods in book 5,
chapter Al of Techniques of Water Resources
Investigations of the U.S. Geological Survey
(Skougstad and others, 1979).

2. Practice
2.1 Calibration and measurement

2.1.1 Check desiccators to see if they
have a good seal and if desiccant in them is
still effective. Regrease top of desiccator and
regenerate or replace desiccant as necessary.

2.1.2 Check temperature of oven to see
if it is correct (NOTE 1).

NOTE 1. The setting on the outside may be incorrect and
not reflect the actual t ture. The ther ter must
be read.

p

2.1.3 Proceed with the determination fol-
lowing directions specified in the analytical
method.

2.2 Calibration checks

2.2.1 Check -calibration of oven ther-
mometer with a U.S. National Bureau of Stan-
dards certified thermometer at least once a
year. Record date checked in a notebook kept
near the oven.

2.2.2 Check calibration of analytical bal-
ance at least every 3 months using class S
weights. Record date of calibration check in a
notebook. If recalibration is necessary, consult
the manufacturer’s directions.

2.2.3 For dissolved solids, analyze 1 refer-
ence sample for every 50 samples or 1 in every
set if fewer than 50 samples are run.

2.2.4 Analyze every 20th sample, in dupli-
cate (NOTE 2).

NOTE 2. If the amount of water in a sample selected to
be analyzed in duplicate is not sufficient for a second analy-
sis, analyze in duplicate the first sample (after the 20th
sample) for which there is enough water.

2.2.5 Record the determined and theoreti-
cal values or the duplicate values in a notebook.
Also record the date of analysis and the labora-
tory-assigned log-in numbers of all samples
which were analyzed.

2.2.6 Plot values on a control chart (see
practice “Quality control charts”). If values ex-
ceed control limits or if a bias appears to be
developing in the results, correct it before con-
tinuing.
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Determination of
Specific Conducta

P

1. Application or scope

1.1 This practice applies to field and non-au-
tomated laboratory measurements of specific
conductance.

1.2 Refer to the practice “Conductivity
meters,” in the section “Instrumental Tech-
niques,” and to method I-1780-78, “Specific
conductance, electrometric, wheatstone
bridge,” in Skougstad and others (1979).

2. Practice

2.1 Preparation of standard

2.1.1 Prepare a 0.00702 N KCl solution as
specified in method I-1780-78. This solution has
a conductance 1,000 pmho/em at 25°C.

2.1.2 Check the specific conductance of
each new KCI solution against a previous KCl
standard solution. If the specific conductances
of the two solutions are different, check both
solutions against a third solution prepared by
another analyst.

2.2. Calibration and measurement

2.2.1 Visually inspect the electrodes.
Platinized electrodes require replatinization
every few months. Replatinize electrodes when
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platinum black has noticeably flaked off or when
readings become erratic; consult method I-
1780-78 for directions.

2.2.2 Measure the temperature of the
0.00702 N KCl solution to the nearest 0.1°C,
and record the temperature. Adjust tempera-
ture control knob if applicable.

2.2.3 If the meter is temperature-compen-
sated, adjust it to read 1,000 pmho. If a table
of conductance or resistance versus tempera-
ture has been prepared, check the meter read-
ing against the value in the table.

2.2.4 Rinse the cell thoroughly with dis-
tilled water and then rinse and fill with the first
sample (NOTE 1).

NOTE 1. In reading standard KCl solution or samples, care
must be taken that air bubbles are not entrapped in the
cell.

2.2.5 Measure the conductance (or resis-
tance) of each sample as directed in method I-
1780-78 (NOTE 2). Be careful to record or com-
pensate for the temperature of each sample.

NOTE 2. In measuring ground waters, be sure wells are
pumped until readings are stable.

2.2.6 Thoroughly rinse the cell with each
sample before filling the cell and measuring the
conductivity.

2.2.7 If, using different cells, more than
one cell constant is used or if instrumental scale
changes are available and used, other KCl stan-
dard solutions should also be used. See Stan-
dard Methods (American Public Health Associa-
tion and others, 1976) for KCI solutions which
have a specific conductance of from 14.94 to
111,900 wmho.

2.3. Calibration checks

2.3.1 Check the calibration of the instru-
ment at least every 3 hours with standard KCl
solution (NOTE 3). Record the reading in a
notebook. Include the date and time of initial
calibration and of the calibration check.

NOTE 3. For field work, recalibrate the meter at each loca-
tion.

2.3.2 If there has been a noticeable shift
in the measurement value of the standard KCl
solution, recalibrate the instrument and remea-

sure the conductivity of all samples back to
where the shift occurred.

2.3.3 Use a reference material as the first
sample to be analyzed and as every 30th sample
thereafter. The reference material should fall
within 1.5 standard deviations of the theoretical
value. If it does not, the reason for the discre-
pancy should be determined and corrected, and
the specific conductance of all samples from the
last “good” reference value reading should be
remeasured.

2.3.4 Record reference sample values,
along with the expected value. Also record the
laboratory-assigned log-in numbers of all sam-
ples analyzed in the set.

2.3.5 At the end of each set of conductiv-
ity measurements, recheck the specific conduc-
tance of every twentieth sample. If the set con-
sists of less than 20 samples, recheck the specif-
ic conductance of the first non-reference sample
at the end of the set. Record values in a
notebook.

2.3.6 Plot reference sample and duplicate
results on quality control charts as outlined in
the practice, “Quality control charts.” If values
exceed warning limits or if a bias appears to
be developing in the results (for example, all
reference sample results are greater than the
theoretical), correct for it before continuing.
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Electrometric Titration
(alkalinity and acidity)

1. Application

1.1 This practice applies to measurements of
alkalinity (as CaCOj3) and acidity.

1.2 Refer to the practices “Titrimetry,” and
“Potentiometry,” in the sections “Standard
Quantitative Analysis Techniques” and “Instru-
mental Techniques,” respectively, and to
methods 1-1020-78, “Acidity, Electrometric
Titration”; 1-2030-78, “Alkalinity, Electromet-
ric Titration, Automated”; and 1-1568-78, pH,
“Electrometric, Glass Electrode,” in Skougstad
and others (1979).

1.3 For determination of carbonate species
concentration, refer to Water-Supply Paper
1535-H (Barnes, 1964).

2. Practice

2.1 Preparation of titrant and buffers

2.1.1 Prepare primary standard as
specified in method 1-1020-78 or I-2030-78,
using potassium hydrogen phthalate for acidity
and sodium carbonate for alkalinity.

2.1.2 Prepare standard base (NaOH) or
acid (HpSO,) solutions as specified in the
method. Either standardize to the exact
specified normality or determine the normality
and use the appropriate factor in subsequent
calculations.

2.1.3 Prepare a minimum of three buffer
solutions for pH meter calibration. Date all buf-
fer solutions and prepare fresh every 3 months
or when noticeable discoloration or deteriora-
tion of the buffer occurs (NOTE 1).

NOTE 1. Premixed buffer solutions and buffer concentrates
are available from instrument and chemni

facturers.

sufficiently. Check connection between elec-
trode and meter.

2.2.2 Standardize the potentiometer using
the three buffer solutions.

2.2.3 Titrate the samples with the stan-
dard solution to the end point specified in the
analytical method.

2.3 Calibration checks

2.3.1 Titrate a primary standard biweekly
or in every set, whichever is less frequent.

2.3.2 Calculate and record the normality
of the titrant and the date on which the primary
standard was analyzed.

2.3.3 If the normality is found to have
changed slightly, either restandardize the tit-
rant or adjust the factor used in the calculation
of concentrations to reflect the new normality.

2.3.4 For alkalinity, use a reference mate-
rial as the first sample to be analyzed and as
every 20th sample thereafter. The value for the
reference material should fall within 1.5 stan-
dard deviations of the theoretical value. If it
does not, the reason for the discrepancy should
be determined and corrected and the concentra-
tion of all samples from the last “good” refer-
ence value should be remeasured.

2.3.5 For acidity, repeat the analysis of
every 10th sample using double the original vol-
ume.

2.3.6 Record values, along with the date
of analysis. Also record the laboratory-assigned
log-in number of all samples analyzed in the set.

2.3.7 Plot the values on a control chart
as outlined in the practice “Quality control
charts.” If values exceed control limits or if a
bias appears to be developing in the results,
isolate and correct the problem before continu-
ing.
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Organic Quality Control

Gas Chromatographic Analysis

1. Application or scope

1.1 This practice applies to measurement by
gas chromatography of chlorinated phenoxy
acid herbicides, organochlorine insecticides, and
organophosphorus insecticides.

1.2 The practice “Gas chromatographs,” in
the section on “Instrumental Techniques,” and
the applicable analytical method in Book 5,
Chapter A3, of this series should be referred
to.

2. Practice

2.1 Preparation of standards, blanks, and
reagents

2.1.1 Initially, obtain pesticide standards
of the highest available purity from at least two
sources. A source for most standards is the
U.S. Environmental Protection Agency, Health
Effects Research Laboratory, Research
Triangle Park, North Carclina (see Watts,
1980).

2.1.2 Preferably, use standards with a
purity guaranteed by the supplier and (or)
checked in the laboratory. In all other cases,
analyze standards from both sources; if results
are not equivalent, obtain a standard from
another source.

2.1.3 Use distilled water from an all-glass
still. In order to obtain water with a low organic
background, it may also be necessary to redistill
from alkaline permanganate solution or to dou-
ble extract with an appropriate solvent, such
as benzene, followed by boiling to remove re-
sidual solvent.

2.1.4 Use “pesticide quality” or “distilled
in glass” solvents. Test each lot by concentrat-
ing to as great a concentration factor as will
ever be used, injecting into the gas chromato-
graph, and recording detector response for 20
to 30 minutes. There should be no extraneous
peaks greater than 10 picograms of heptachlor
epoxide on electron capture detectors or 50
picograms of diazinon with a flame photometric
detector when the solvent is used as a reagent

blank. If potentially interfering peaks are
noticeable, redistill the solvent over sodium-
lead amalgam or other suitable agent to remove
interferences (NOTE 1).

NOTE 1. Some solvents need to be subjected to procedural
treatment (such as esterification) to determine if derivatiza-
ble interferences exist.

2.1.5 Check all adsorbents and reagents
prior to use to insure non-interference with the
chromatographic procedure. The tests em-
ployed to determine suitability would include
the most rigorous test at the lowest detection
limit that will be reported by use of the proce-
dure (NOTE 2).

NOTE 2. For example, concentrate hexane by at least a
factor of 75 and inject 5 microliters into a gas chromato-
graph, both before and after cleanup with alumina. There
should be no extraneous peaks greater than those indicated
above and the width of the solvent peak must not exceed
60 seconds prior to cleanup or 30 seconds after cleanup.
If these requirements are not met, redistill the solvent and
prepare a different batch of alumina.

2.1.6 Using a microbalance, accurate to at
least .001 mg, prepare stock solutions of pes-
ticide standards by accurately weighing be-
tween 2.000 and 10.000 mg of appropriate stan-
dard. Quantitatively transfer the compound to
a 25.0 mL glass-stoppered volumetrie flask; dis-
solve in benzene or other appropriate solvent
and dilute to 25.0 mL with the solvent (NOTE
3).

NOTE 3. Benzene is usually the preferred solvent since
it is relatively nonvolatile, and the stock solutions can be
stored under refrigeration for long periods (Goerlitz and
Brown, 1972).

2.1.7 If the purity of the standard is less
than 100 percent, apply an appropriate correc-
tion factor. For example, if 5.000 mg of a stan-
dard which is only 90 percent pure is weighed
and diluted to 25.0 mL, the weight of pure ma-
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